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1. INTRODUCTION. 


In our first paper on field mice (1944) we explained that our interest lies in the 
differences which occur between local populations of mammalian species distributed, 
like man, more or less continuously over great distances. Are’ such differences 
associated with environment, and if so how far may this be due to ecological isolation 
and consequent inbreeding ? Or can they be attributed to the relative degree of 
local inbreeding that must occur through distance alone? To investigate this we 
chose the long-tailed field or wood mouse, Apodemus sylvaticus sylvaticus, the only 
English mammal which is almost ubiquitous and easy to catch alive. These mice 
are so small that relative to their wanderings England may be considered a continent 
and every sizeable wood a forest, and they are usually so numerous that enough can 
be caught for statistical comparisons by a week’s trapping in any one neighbourhood. 

Our first study of the ecological preferences and wandering habits of Apodemus 
was in Dorset on South Haven Peninsula in the first three months of 1937. This 
area was recommended to us by Professor E. J. Salisbury because of the great variety 
of environment already surveyed by C. Diver, R. D’O. Good and others (Diver, 1933; 
Diver and Good, 1934; Good, 1935; and much work still unpublished). Captain Diver 
gave us a list, based-on this survey, of 610 ‘ loci’ grouped into 113 types of plant 
habitat, a number greatly increased in the following year (Diver, 1938). With his 
help and advice we chose as sites for our traps a number of loci as contrasting in 
character and wide in area as could be found within the 750 acres of the survey. 

Traps. We used large box traps, with cocoa tins containing bedding and food 
fixed on at the back; these traps, and our methods of marking the mice have been 
described in detail in an earlier paper (1946, p. 333). 
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Map of area. An idea of the varying distances between our trapping sites is 
given in the map at the end of this paper. This is a map of the whole of Diver’s 
area on which each trap is marked by a small dot and each group of dots is numbered 
to correspond with the description of areas given in section 2. To make this map, the 
outline and major features were traced from the Dorset LI.9 and LI.13 sheets of the 
‘25 inch ’ (1/2500) Ordnance Survey. The detail was then corrected by projecting 
onto the tracing through a camera lucida some of a series of 23 overlapping air 
photographs taken just before we visited the area in 1937. The tip of the peninsula 
was added from one of these photographs. Use was made throughout of the map, 
six inches to the mile, published by Diver in 1933. 

In order to plot the position of our traps accurately we made separate maps on a 
1/1000 scale, enlarged from our 1/2500 map by gridding, of each part of the area in 
which we had traps. Onto these we threw fresh, enlarged projections of the air 
photographs and marked in from these such further details of banks, drains, trees, 
bushes, dunes, marsh edge, pans and so forth as would help us to locate our traps. 
The positions of our traps were plotted on each map partly in this way and partly 
from measurements taken on the ground. The distances between traps could then 
be measured with a fair degree of accuracy from these enlarged maps. The final 
map was obtained partly by gridding our 1/2500 map down to half that scale and 
partly by projecting detail from the 1/1000 maps down to the same scale. 


2. DESCRIPTION OF AREAS CHOSEN FOR TRAPPING 
AND NuMBER oF Mick CauGcut In Eacu. 


In this section an attempt is made to give a more comprehensive picture of the great variety 
of environment in which Apodemus was caught than can be given by merely listing the dominant 
plants in the neighbourhood of the traps. These dominant plants may have had little or nothing 
to do with the presence of Apodemus, which was probably due to some complex combination of 
factors not to be determined without an intimate knowledge of the habits of the species. 

The areas described are numbered and lettered to correspond with the numbers on the map 
and in the first column of Table I. In Table I we have attempted a summary of the more obvious 
factors which must have influenced the number of mice caught in the different areas, but other 
factors impossible to tabulate, or unrecognized, may have been more important. 


1. A tongue of freshwater marsh protruding into a ridge of heather dunes, at the tip of the 
tongue a small clump of pines, young birches and sallows, between the dunes some damp hollows 
flooded in wet weather. The heather on the slopes was young and sparse owing to a fire three 
years previously, but one thick patch in a basin on top of the highest peak had escaped the fire. 
Many mouse holes were found and some burrows excavated on the slopes of these dunes. 

Traps were set in all these places and 20 mice were caught, most of them along the marsh 
edge ; seven were found dead and others probably died, as at that time we were releasing them 
in strange places after marking them with numbered rings which unfortunately caused injuries 
to their legs. At a later trapping towards the end of March no mice were caught. 


2. An area similar to 1 but with more standing water and the heather on the dunes unburnt. 
A line of traps was set along the margin of the swamp and two ina damp hollow among the dunes, 
but none on the dunes themselves. Eleven mice were caught, one of which was found dead ; 
of the ten that were ringed and set free elsewhere only two returned, one of which died and the 
other did not return a second time. Two new mice caught after we stopped using rings were 
both found dead. At a later trapping towards the end of March only one mouse was caught 
and this a new one. Thus 14 mice in all are known to have visited this area. 


3. The marsh edge and an undulating area of unburnt bracken and heather N.W. of 1 at 
the low northern extremity of the same ridge of dunes. Six mice caught in traps set on the dry 
ground near the marsh edge were ringed and released elsewhere. None were caught in a trap: 
about 30 yards out into the marsh. After all these traps had been picked up, others were set 
on the higher bracken, and heather area ; no mice were caught here, possibly owing to the killing 
off through ringing or transportation, not only of the six mice caught by the marsh but also 
of those caught only 200 yards away at 1, some of which might otherwise have visited this area. 


_ _4._ A strip of the marsh edge half way between 1 and 3. No mice were caught here, but it 
is likely that any from this area would have been caught and killed off during the earlier period. 
of trapping and ringing at 1. The eight new mice which drained into 1 after January 20th 
probably came from some other direction. Thirteen snap traps were set here as well as the four 
box traps shown on the map. 
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5. A ridge of dunes next the sea beach, and a strip of drained marshland behind the dunes. 
Of nine mice caught in a line of traps along the marram zone (a), three were recaught in the heather 
zone (b) just 8.W. of the south end of the marram line and the same three were again recaught 
just within the marsh edge (c) bordering this heather zone. No mice were caught in traps set 
farther into the old marshland and none in a line of traps along the marsh edge (d) opposite the 
north end of the marram line and about 120 yards from it. 


6. The margin of an old salt marsh merging into freshwater marsh, partly enclosed by a. 
steep bank and bordered by gorse-covered dunes. Two mice were caught on the top of the 
bank, where a turfy path was bordered by longer grass, rushes and sparse clumps of heather, 
two in coarse grass and rushes between the bank and a drainage channel close to it, two at the 
edge of the gorse dunes, and three at the dune end of a narrow strip of turf and rushes just outside 
the bank and wedged between bank, dunes and typical freshwater marsh. 


7. An aspen wood, very swampy in wet weather, bordering burnt heath. Traps set in a. 
loose line, most of them just within the wood, some along a bank at its east margin, a few in a. 
strip of bracken and grass just outside it, caught 20 mice very evenly distributed along the line : 
one was found dead. 


8. Astrip of birch and sallow, lying between reed swamp and burnt heathland, and abutting 
at its northern end on Little Sea. Two mice were caught in traps set in the centre of the strip 
and two others in traps on the lake margin about 75 yards north. 


9. A waste of bracken and bramble, possibly once cultivated ground, sloping down to sallows: 
and swamp, with some patches of open turf; at top of slope a ragged line of hawthorn and. 
brambles. Traps were set (a) on a turfy patch about 20x15 yards in area, (b) in the dense 
bracken and bramble round the margin of this patch, (c) along a line of hawthorn about 40 yards. 
north of a, and (d) in bracken and bramble on the slope between c and the swamp. 

Twelve mice were caught, some in each area; two of these had been caught previously at 7, 
a distance of at least 75 yards, and one at 10, a distance of at least 170 yards. : 


10. A knoll of bracken and grass, about an acre in extent, with brambles, scattered hawthorns 
and a few large trees, bordered by heath, swamp, a line of birches, and sallow carrs. Traps 
scattered over this area caught eight mice, three of which were found dead. 

Characteristic of the area was the large number (six) of bank voles, Clethrionomys glareolus. 
Evans (1942) associated this species with bracken areas in Bagley Wood, but we ourselves did. 
not find this association elsewhere on the peninsula; in all our other bracken areas we only 
eaught one other specimen, on 12e. 


11. A small damp patch of rushes and grass adjoining 10, almost a pond in wet weather. 
Traces of voles (Microtus) were seen here but although 25 traps were left out for nine nights from 
February 16th, no mice were caught. As, however, this patch adjoined 10, the mice from which 
had not been released at the time, it has not been shown on the map or included in Table I. 
Elsewhere, in areas 6 and 19, patches of rushes and grass were found to be visited by mice. 

12. About 12 acres of mixed deciduous wood with damp patches and open stretches of 
bracken, on the margin of Little Sea and its reed swamp. More than 50 traps were set in this 
wood during four periods between January 10th and March 30th. Fifty-four mice were caught 
_ in all, with much interchange between areas where traps were not set simultaneously. 

The sites chosen were :—(a) a narrow belt of large hazels on rather bare ground close to the 

“margin of the reed swamp at the southern end of Little Sea; (b) a dense blackthorn thicket 
separated from the north end of the hazel belt by a more open bracken glade ; (c) a larger open 
bracken glade a little further north ; (d) an area of large birches, passing from dry ground to damp, 
at the northern end of the wood; and (e) a very large bracken glade with scattered hawthorns 
and brambles between d and the marginal belt of trees bordering Little Sea. ' 

In the first period of trapping from January 10th to 15th, 18 mice were caught in the southern 
part of the wood, ten of these in a few traps concentrated at the north-eastern end of a, and 
eight in only three traps inc; these mice were ringed, a number of them released in strange 

- places and some recaught during that period, but by the February trapping all but two had 

disappeared, just as in the case of our ringed mice from the dunes. ' ; 

In the next period of trapping when we were no longer marking mice with rings, we caught 
12 new mice and one of the ringed mice in a line of traps set along a, nine new mice and one ringed 
mouse in b, five new mice in c and eight new mice (one dead) in d. The mice from d were 
released and the traps there picked up two days before those in a, b and c; two of these mice 
were recaught next day, one ina andoneinc. Traps set later on ine caught 13 mice, six of them 
previously caught in d, one in a, one in both d and a, and one inc. 

A few traps were set in all these places at the end of March and 20 of the mice were recaught, 


no new ones. 


1* 
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13. A bracken slope rising from the western margin of 12, and changing to the north into 
damp heath and finally into moss bog. A line of traps set along this slope at about 25 yards 
from the wood margin caught four new mice and four previously caught in 12; no mice were 
caught in the bog. This line was set on March 30th after the release of the 20 mice caught on 


-area 12 during the three previous nights. 


14. Heathland rising from the west margin of Little Sea to a summit capped by plateau 
gravel just above the 50 ft. contour line, with damp areas draining into the lake. Much of it 
was fire-swept in 1933 and the natural plant carpet, though recovering in 1937, was still sparse. 

The sites chosen were :—(a) an area of deep unburnt heather with scattered gorse bushes 
_at either end, (b) a steeply sloping area of the burnt part of the heath, with two very open clumps 
-of pines which survived the fire ; rather bare ground beneath the pines, but between the clumps 
grass, sparse bracken, sparse young heather and a patch of damp mossy ground with an oozing 
‘spring; (c) a burnt area with burnt gorse bushes, sparse bracken and sparse young heather 
sloping down to an arm of the lake ; (d) the summit of the heath where a burnt area with grass, 
‘moss, some dwarf gorse and very sparse young heather was separated by a path from an area 
-of deep unburnt heather ; and (e) along bank at the foot of the slope down. to Little Sea, a bracken 
‘heath area (burnt in 1933) with damp patches. 

Fourteen mice were caught on a. Six of these and five others were caught among the pines 
of b. Four mice were caught on the burnt slope of e¢ but none in the traps on its lake margin. 
‘Two were caught in the deep heather and five along a bank on the burnt area of d; one of the 
five had been previously caught in both a and b. LHighteen were caught along the bank on e, 
‘most of them at its northern end ; one of them had been previously caught in the woods area (12e), 
.and seven, on other parts of the heath. 

Out of these 40 mice, 24 were recaught at the end of March together with two new ones. 


15. The ruins of two cottages on the heath just west of Little Sea, surrounded by bracken, 
rhododendrons and a clump of pines. Seven mice were caught among the piles of bricks, under 
the rhododendrons and in bracken under the pines. Three of these were recaught here later, no 
mew ones; one of the three was also caught at 16. 


16. A broad strip of dense gorse, 4 to 5 ft. high, fringing heathland at the top of a steep 
slope down to Little Sea. Traps set in an irregular line along this strip, many deep in the gorse, 
caught nine mice, one of which was caught both before and after at 15. Other traps set close 
together on an open swampy patch below the gorse caught no mice. 


17. An old cultivated enclosure bordered by heathland and by a steep bushy slope down to 
Little Sea; turf, coarse grass, bracken, briars, large bramble bushes, a little gorse and some 
allows surrounded the traces of a house marked here in early maps. Hight mice were caught 
in, traps scattered over the central turf and bracken area. 


18. A wide, bleak expanse of damp heath, fire-swept in 1933, sloping gently down from the 
backbone of the peninsula to the dwarf cliffs of Poole Harbour; dotted over its surface were a 
number of shallow artificial pans of uncertain origin, about 10 yards in diameter and partly 
filled with water in wet weather. Ten mice were caught in traps scattered across this heath. 
At a later date six of these mice were recaught and no new ones. 


19. A sandy point projecting into Poole Harbour, the three-foot sandstone cliff on its west 
face capped by a marram dune which sloped down its east face into a narrow zone of rushes and 
grass covered occasionally by the tide. ‘Two mice were caught on the dune and two on the grass. 


20. An office bungalow, a café and their out-houses, on sandy ground near the north tip 
of the peninsula where the road approaches the ferry across the mouth of Poole Harbour. In 
traps laid closely round these huts five mice were caught, one of which was found dead. 
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Taste I. List of plant habitats with date of trapping, number of mice caught 
and number of traps set. 


Site Greatest|Greatest} Time of trapping. 
Racober Habitat on ate: Number | Number length breadth] ———————————_ 
(see map). of traps. | of mice.| of site | of site | Number] Date of | 
(yards).| (yards). of first |, 

nights. | setting. 


SSS 


A. Mice ringed and set free at a distance. 


12a Hazels 3 to 6 LOR Gals ce. 15 5 Jan. 10th 
12c Bracken and bramble 3 8 30 — 5 Jan. 10th}, 
Marsh edge 4 to 8 6 
1 Heather dune 2 to 6 3 710 65 35 7 Jan, 8th | 
Damp hollow 0 ta 2 1 
: Marzh edge 10 10 
2 ee te 4 hu 75 | 20 6 | Jan, 19th} 
Marsh 
3 bastante ss re ao Gel = GATS 9 | Jan. 19th} 
Marsh edge 5 8 
1 Heather dune 1 ik gt 65 35 9 Jan. 19th}, 
Damp hollow 1 0 
4 Marsh edge 4 to 13 0 50 12 15 Jan. 19th 
Marsh edge 10 2 : 
2 et ice ae eee: ge o| 5 |. 20 9 | Jan, 25th} 
3 Bracken heath 6 o| 40 25 7 | Jan, 26th} 


B. Mice marked on ear and set free in home area. 


1 Marsh edge 13 42 — — 5 Feb. Ist 
Aspens 19 15 
7 Dabhentand grace 5 5 \ 20 180 Diss 6 Jan. 3lst 
8 Mixed wood 10 4 75 80 2, Feb. 2nd 
Birches, damp 8 0 
12d A dry 4 4> 8 70 uss 8 Feb. 7th 
Boundary bank 4 4 
Hazels 14 Hoan ees 1h 
DARE fe oe : 9 p22 95 | 50 10. | Feb. 7th | 
12c Bracken and bramble } 5 30 — 10 Feb. 7th 
10 Bracken and grass 24 8 55 45 8 Feb. 12th 
Calluna and gorse 12 oe A 6 Rene A 
14a Collessiti 12 3 14 95 15 ‘eb. 21st} 
Turf 4 1 3 | Feb. 25th 
9a&b | Bracken and bramble 5 u hs sa al sate 
Hawthorn and bramble 6 2 3 Feb. 25tht 
9c & d Bracken and bramble 3 ele - BO a ne 
ene Bracken heath and pines 12 1 65 25 3 Marc [see 


(burnt recovery) 


% 
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TABLE I (cont.). 


Greatest|Greatest| Time of trapping. 


Site 
: . Number | Number} length | breadth 
number Habitat or site. of traps.| of mice. | of site | of site | Number] Date of 
j (see map). (yards). | (yards). of first 
nights. | setting. 
Burnt Calluna and gorse dl a 30 3 Mar: thee 
doe Swamp margin 5 0 = a 
15 Site of ruined cottages 12 7 25 12 3 Mar. Ist 
Wood margin me 8 4 Maron 
Ize Bracken and bramble 6 afro a Les <8 
14d Burnt Calluna heath (bank) 18 5 80 ue 5 Mar. 4th 
14d Unburnt Calluna heath 18 2 90 line 5 Mar. 4th 
18 Damp heath (burnt recovery) 14 240 75 3 Mar. 7th 


4 
Damp heath (pan margins) 10 5 p10 
0 


Shore, foot of cliff 2 
119a, b &c| Marram dune if Ps ut 60 15 
3 


w 
= 
© 

A 

1 
ct 
les! 


Turf and rushes 2 
14e Bracken heath (bank) 13 18 400 line 4 Mar. 9th 
17 Bracken, turf and brambles 2, 8 75 75 2; Mar. 10th 
16 Gorse and bracken 18 9 350 line 3 Mar. 10th 
16 Lake margin 6 0 | very small area 3 Mar. 10th 
20 Bungalow and huts 12 5 | very el area Ul Mar. 13th 
5a Marram dunes 24 9 240° line 3 Mar. 15th 
5b Heather dunes 24 3 160 20 3 Mar. 18th 
5c Marsh edge 33 3 175 17 3 Mar. 21st 
5d Marsh edge 6 0 80 line 1 Mar. 23rd 
Grass bank 10 2 
| CES ES le seem aa cop i al 9 | 30, |e 4 | Mar. 17th 
Turf and rushes 10 3) 
a Bracken and grass 14 6 
13 Damp heath 5 a 8 375 line 2 Mar. 30th 
Bog 36 0 


* 7 new mice and 2 previously caught here. 

3 new mice and 1 previously caught here. 

and one outlying trap which caught two of the mice 35 yards to the east. 
traps in double line, 


and one outlying trap which caught one of the mice about 30 yards towards the sea. 
traps not set until March 31st. 


aa» Sw 
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3. PREFERENCE OF MICE FOR DIFFERENT HNVIRONMENTS. 


In Table I a list is given of the plant habitats in which we set our traps, the 

number of traps set in each, the number of mice caught and the date and duration 
of trapping; a very approximate idea of the area over which the traps were 
scattered-on each site is given by the greatest length between any two traps and the 
greatest breadth at right angles to this length. 
_ Factors affecting number of mice. For many reasons the numbers of mice given 
in the table are not comparable ; for us this was a period of experiment and in the 
light of the experience gained we now see how the work could have been planned 
better, but at that time the field was new to us and the wandering propensities of 
Apodemus unknown ; we had a very helpful talk with D. Chitty before we started, 
but his records from Bagley Wood were not published till May of the same year 
nor those of F. C. Evans till 1942. 

(a) Arrangement of traps. The length and breadth measurements in the table 
must not be taken as those of rectangular areas ; sometimes the traps were set roughly 
in a line, sometimes scattered quite irregularly in places that struck us as likely to 
be visited by mice, such as near small holes in sand dunes or under the roots of trees, 
by logs, at the edge of rabbit runs, on bare patches in deep heather, or along banks. 
Nor must it be assumed that the dominant plants mentioned were of primary 
importance to the mice ; the important factor may have been proximity to dry ground, 
firm yet soft enough to burrow in, as in banks and settled dunes, or the deep humus 
in some woodland, or overhead cover protecting from birds of prey, or sheltered 
places to dodge under and rest in, or rabbit tracks serving as highways through 
bracken, bramble, heather, bog myrtle and grasses. 

(b) Neighbouring populations. With such a widely wandering animal as 
Apodemus, the proximity of one type of plant habitat to another may have led 
to its constant use in one area as a passage-way between burrow and feeding ground, 
whereas in another area visits to a similar habitat not so situated were rare. 
Sometimes we set traps simultaneously on neighbouring sites; this was probably 
‘the best way of demonstrating preferences but may have reduced the number of 
‘mice caught on any one of the sites. The proximity of some sites to the sea, to 
Poole Harbour, or to Little Sea (see map) must also have limited the surrounding 
_area from which visiting mice could be drawn. 

(c) Death rate. The numbers caught must also have depended on the date of 
trapping, since unknown predators must have taken toll at a rate varying from site 
‘to site throughout the 11 week period ; areas rich in mice at the beginning of the 
-season may possibly have suffered most in this way through their attractiveness. 
‘Unfortunately we ourselves may have killed off as many as 17 mice in the woods 
and 30 among the dunes during the first weeks of trapping (January 9th to 28th), 
‘by putting aluminium rings on their legs and releasing them next day at a distance 
from where they were caught (see homing records, p. 13, and Hacker and Pearson 
1946, p. 333). 

(d) Duration of trapping. The effect of weather and of duration of trapping 
‘on the number of mice caught have been discussed in our previous papers. 
After January 28th we stopped marking the mice with rings and released them in 
the area where they were caught, but not until all the traps in that area had been 
taken up. At first we sometimes left the traps out for more than a week, but we 
found that after we had apparently cleared an area more mice began to trickle into 
‘the traps, probably wandering in from farther afield. The number of mice caught 
-each day is shown in Table IT. We finally decided that three nights were normally 
sufficient to catch the local population, and we only left the traps out for longer than 
this if a bad catch within this period seemed due to exceptionally bad weather. 
‘That this procedure was justified is shown by the results of a final brief trapping 
in areas 12 and 14 at the very end of March. All the 20 mice caught on area 12, 
and 24 out of the 26 caught on area 14, had been caught in the earlier trapping. The 
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sufficiency of three-day trapping was also confirmed by later work m Holwood 
Park when traps were arranged as a grid at intervals of 100 yards (1946, p. 338). 

Comparison of numbers caught on different sites. The following comparison, 
unsatisfactory as regards areas and not very satisfactory as regards dates, may 
be made between :—(i) a dune population, by combining sites 1, 3 and 4; (ii) a woods 
population, by taking the whole of site 12 ; and (iii) a heath population, by combining 
sites 14a, b and c. 

It is impossible to know the extent of the area from which mice visited the 
traps on these sites, but in each case the sites lay well within a broadly uniform 
environment of dunes, wood or heath. Measurements of the greatest length 
between any two traps and the greatest breadth at right angles to this, such as are 
given in Table I for single sites, may be given for the combined sites as a rough 
indication of the difference in extent of the areas from which the mice came. 


Taste I. Number of mice caught each successive day of the trapping period. 


Date of Day of trapping. 
Area. first day. 
1 2 3 4 5 6 7 8 9 10 
7 Feb. 1 12 2 3 3 i 0 
3 R3 4 0 
12a &b Fr 8 9 3 1 0 0 4 — 1 4 0 
12c 35 8 2 1 0 0 0 0 — 1 1 ib 
12d os 8 4 1 0 1 0 1 1 0 
10 Fee alle) 3 - 2 1 1 0 0 0 
14a Aan ere ta 3 2 1 0 
9 aueco 5 4 3 
14b Mar. 2 4 1 6 
14c ae, 0 1 3) 
15 ee 6 0 1 
12e » «4 8 3 0 2 
14d oe iL 1 2 2 1 
18 re ae! 6 4 6* 
19 rowel: 3 1 0* 
14e 10 Ue 5 4 
17 sell 6 2 
16 pe ll 4 4 1 
5a LG 3 4 2 
5b aa at 3 0 0 
5c pg ae 2 1 0 
6a & b Bry its: 2 1 1 0 
6c & d Fomeal) 3 2 
13 Soll 6 2 


* From the dates given in the second column the date of an 
y record can be found. F 
instance, * marks the three records for March 10th on which no mice were caught in 49 ae : 
our diary shows there was snow on that date and the ground was frozen hard. The dashes -} 
show that no traps were set in those areas on the night preceding February 14th. 


(i) The greatest length between traps was 290 yards and the greatest bre 
adth 
50 yards, but they lay between uninhabitable lake and marsh ; i) the greatest 
length between traps was 240 yards, the greatest breadth 105 yards, they had lake 
to the east of them, lake and bog to the north, and a reed-swamp to the south: 
(ili) the greatest length was only 200 yards, the greatest breadth 120 yards and, 
except for a small indenting arm of the lake, no barriers prevented mice from, 
oe ene aa 4 from all directions; more mice might, however, have been 
caught on site 14c had not traps been set for the same three ni si 
isan p ame three nights on site 15, only 
On these three sites respectively, we caught 26, 54 and 23 differ i 
: ae > ent mice, prob 
all or nearly all the mice frequenting the areas. This bears out our ae 
while trapping, that the woods as a whole was the most populous area. 
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From Table I it appears that next to the woods the largest numbers of mice 
were caught in the two long lines of traps on sites 7 and 14e. An attempt to analyse 
the reasons for this illustrates well the difficulty of the whole problem of census 
taking. In each case there was a bank along the whole length of the site, apparently 
part of an extensive drainage system dating from times when some of the land round 
the south end of the lake was farm land. Only 6 of the 15 mice attributed to the 
aspen wood (site 7) were caught more than 10 yards from the bank, and these were 
in a neck of the wood between two areas of bracken ; an undergrowth of brambles 
made the rest of the wood almost impenetrable for trap laying, but it appeared an 
unattractive habitat as it was very damp, in parts even swampy, after some heavy 
rain at the time of trapping. The large number of mice caught might be attributed. 
to the traps being set in a long line and therefore tapping a larger area than the same- 
number of traps in a cluster, but in this case the area drained was apparently limited 
by the swampy condition of the wood. Or it might be attributed to the presence 
of the bank, a suitable habitat for mice, or to the proximity of a bracken area. In 
the case of 14e there were fewer traps, only 13 instead of 20, but as they were at intervals 
of about 30 paces the line was much longer and may therefore have drained a very 
large area. This area was again principally bracken heath, and of the 18 mice 
caught by the bank seven were also caught on the higher areas of heathland at some 
distance from it. The Calluna and gorse of site 14a, where there was no bank, 
appeared to be at least as populous, since 12 mice were caught there in a line only © 
95 yards long ; here there were 23 traps in the line at approximately 10 pace intervals 
(our method in each case was to pace the agreed interval and then choose the nearest 
- promising spot). 

Another long line of traps, that along the marram tops of area 5a, caught only 
nine mice, but here the area they could be drawn from was limited to a strip between 
sea and marsh. A further factor here was the late date of trapping ; apart from our 
own depredations, the dunes appear to have been almost denuded of mice by the 
end of the winter. 

The difficulties of taking a census. In general we must conclude that our 
haphazard method of trapping, by first selecting areas on botanical grounds and 
then setting out traps on them in lines or groups to suit the very variable size and 
shape of the area, or particular features within it, was not the best way of achieving ~ 
a numerical assessment of the preference of mice for particular environments. Ideally, 
perhaps, we might have done better by setting out an extensive grid of traps, covering 
each area and extending more than a mouse’s wander beyond it. We should then 
perhaps have obtained a census of the mice living on the area and immediately round 
it, for if the traps were placed sufficiently near one another, the resident mice would 
have been caught close to their homes while outsiders would have been intercepted 
near the margin of the grid. The traps round the area might then have been picked 
up and the census would now have included mice visiting or crossing the area in 
search of food. Finally the traps round the area might have been put back and those 
on the area, picked up, so as to obtain a census of mice leaving the area for feeding 
purposes. Any such scheme would have needed very careful planning in relation 
to the particular area selected and its individual peculiarities, and because of those 
peculiarities or lack of uniformity within the area it is doubtful whether valid 
comparisons between different areas could even then have been obtained. In 
practice, also, it might have proved impossible to handle the very large number of 
traps necessary. 

Conclusion. Finally we may conclude that the data summarized in Table I 
demonstrate the great variety of environment visited by Apodemus, but yield no 
certain estimate of relative popularity. Evans (1942) noted that the distribution 
of Apodemus was by no means random under the quite different conditions in Bagley 
Wood, but we think that the areas covered by his grids were too small for census 
purposes ; casual visitors from outside could hardly have been excluded from any 


of his trap locations. 
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4. WANDERING RECORDS. 

Different environments visited by the same mouse. If little can be deduced from 
Table I as to the plant habitats preferred by Apodemus it is abundantly evident from 
our wandering records that individual mice were not restricted to particular habitats. 
On the dunes, the same mouse visited marram zone, heather zone and the bog-myrtle 
zone fringing the marsh ; in the woods, there was interchange between hazels and 
birches, and between each of these areas and the bracken glades ; on the heathland 
mice wandered freely between bracken heath, deep Calluna heath and neighbouring 


TaBLe III. The number of mice common to two trapping areas, the distance 
between their nearest and farthest traps, and that between the actual 
traps in which the mice were caught. 


Number of mice*. Distances in yards. 
Areas. Total | Common | Between | Between Between traps 
on both} to both | nearest | farthest visited by 
areas. areas. traps. traps. the same mouse. 
5b—5e 3 3 4 168 23, 32, 43 
12d-12e 14 6 19 109 41, 61, 63, 67, 75, 84, 105 
12d & e-13 26 2 30 315 43, 118, 144, 147 
14a-14b 18 6 45 145 8 undetermined distances 
7-9 29 2 75 330 Probably 87 and 94 
12a,b & c-13 31 3 80 385 92, 203, 235 and one not less 
than 132 
14a-14c 18 0 85 QOS al! womens 
14b-14e 24 i) 85 470 131, 137, 143, 147, 174, 223 
233 
14c-14e 22 1 85 535 127 (across arm of lake) 
12a,b & c-12d &e 42 4 90 300 117, 158, 202, 209, 228, 242 
5a-bb & c 9 3 95 450 164, 365, 169 or 335 
10-9 16 il 100 250 either 172 or 182 (across 
swamp and drains) 
8-9 16 0 105 285 ce ht) cere oe 
14a-14e 29 2 130 560 190, 267 
15-16 14 1 140 505 138 or 154, 155 
7-10 27 0 150 305 (across swamp and drains) 
14d-14e 24 3 195 395 231, 240, 261, 268 or 282 
14d-13 17 0 210 GTO" eee eee 
18-16 19 0 215 Og we cous ts Oke 
15-18 16 0 225 480M | cteuerss 
14a-15 20 0 230 HEF oa wel lenses: trates 
14b-14d 18 2 235 415 281 or 329, 355 
12d & e-14e 37 1 245 705 350 (across bog) 
12a,b & c-10 34 0 265 AAO! gi |e eetecurare 
10-13 13 0 285 OT. 0s ayer rea 
15-14e 33 0 285 TOOT || errs 
8-10 12 0 295 STD 1" oe eee 
14a-14d 21 I 315 495 44] 
14c-14d 14 0 375 2 Dieta aie ete 
14a-18 23 0 475 G30) <3\)o Stee 


* Numbers of mice do not correspond with those in Table I as mice found dead on the first 
area are not included. 


burnt areas with only a very slight covering of young heather ; mice from the woods 

were caught on the heathland ; and a mouse from the ruined cottages encircled by 

rhododendrons, was caught in the gorse belt bordering the lake and must have 

crossed heathland to reach this. Such indifference to ‘ habitat types’ is probabl 

ey in Apodemus with its very varied diet. ‘ 
ome idea of the distances covered by Apodemus in these wanderings 

gained from Table III. This gives the number of individual mice faust ete 
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‘two neighbouring areas where trapping was not simultaneous, the number of these 
mice common to both areas, and the distances between the nearest and farthest 
traps on the areas. The areas are arranged in order of nearness, and when individual 
mice could be identified, the distances between the actual traps in which they were 
caught are given in the last column. Very approximately, the nearer any two 
trapping areas the greater the number of mice common to both. To construct a 
frequency table of distances would be misleading since the chances of recording any 
- distance were so unequal, but it seems clear that though there were plenty of chances 
for records of over 400 yards only one such record occurs, and only two records of 
- 250 to 400 yards, while below 250 yards the records become very frequent. These 
records seem similar to those obtained by Evans between his two trapping areas 
(1942, p. 188). 
Recognition of mice. Some of the distances between traps are uncertain, or have 
had to be omitted, owing to our failure to identify the individual mice. We recorded 
the sex and weight of each mouse, the measured length of its right hind foot, the 
appearance of its pectoral streak and any special peculiarity such as an injured tail. 
The ear puncture which we gave a mouse was common to all those from one trapping 
.area, so that when it was caught a second time we knew which area it came from but 
not from which trap, unless it had some conspicuous character or unique combination 
_of characters ; if caught in a new area another puncture was added to its ear, and by 
the third time of catching we were nearly always able to trace it back to the second 
time of catching since there were only a few mice with the same double puncture 
to choose from. In areas where many mice were caught and few recaught it was 
-especially difficult to be sure of identifications, there were too many individuals 
nearly average for all the characters recorded. Out of the seven mice caught alive in 
12d, it was possible to identify all six of those recaught in 12e ; one and one only of 
- these six was later caught again in 12d, so we have recorded seven different distances 
between traps in 12d and 12e; but we can give no similar record of the eight short 
_ distances between traps on 14a and 14b visited by the six mice caught on both these 
areas, because we cannot certainly pick out these six from the 13 caught in the first 
‘trapping on 14a (see broken lines in fig. 1). A system of individual marking was 
-evolved in our later work at Holwood Park (1946, p. 333). 
Effect of uninhabited areas. Between certain areas few or no interchanges were 
recorded, although they were nearer together than others where interchanges were 
frequent. It is probable that in these places there were no mice living in the inter- 
vening area, to wander out from it into the traps on either side. The swampy area 
-to the south of Little Sea, though no barrier to mice, for our homing records show 
that they could cross or circumvent it, must have been uninhabited by them under 
winter conditions. This probably accounts for our finding only one mouse common 
--to areas 10 and 9, and none to areas 10 and 12, 10 and 7, or 9 and 8. It is harder 
to understand why only two of the 20 mice caught along the eastern fringe of the 
aspen wood (area 7) turned up on area 9. The aspen wood itself was very swampy 
_at the time and possibly the mice caught there were visitors from the bracken heath 
and duneland further east, so that area 9 was outside their ambit. Any chance of 
wandering records between our trapping sites among the dunes farther north was 
-spoilt by our homing experiments, and in the woods too we might have had better 
records had it not been for all the mice which disappeared owing to these experiments. 
The traps at the drier end of the birch wood (area 12d), caught eight mice; one 
_of these was dead, but of the other seven only one was recaught on the bracken slope 
(area 13) outside the wood to the west, whereas six of them were recaught in the 
bracken glade (area 12e) to the north-east, in traps at no greater distance than some 
_of those on area 13. This suggests that the birch wood was not a home centre, but 
that most of the mice caught here were visitors from the bracken glade and did not 
often wander still farther to the west ; such wandering may have had little chance 
of being recorded however, since traps were set on area 13 fer only two nights and 
that at the very end of March when the winter population was probably reduced 


“in numbers. 
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Our best records of interchange are those across the comparatively dry heathland. 
between sites b and d, b and e, and d and e on area 14; but of the six exceptionally 
long distances (greater than 260 yards) recorded from this area in Table III, four 
must be attributed to one female, No. 210 in Table IV and fig. 1, while the other 
ten shorter distances are attributable to this same mouse and five others (four males 
and one female). Between 14c and e, and to a lesser extent between 14c and a, lay 
another uninhabitable area, the western arm of Little Sea and the swampy ground 
at its tip; the chances of our observing wanderings between 14a and c may also 
have been reduced through the simultaneous trapping on 14b and ¢, since 14b lay 
nearer to 14a and six mice from 14a were caught there. An exceptional record is 
that of mouse No. 272, a male which visited both woods (12e) and heathland (14e) 
although these were separated by an uninhabitable bog and the bay into which this. 


drained. 


Fig. 1. Map of heath areas 14a-e. Stippled areas are part of Little Sea and i 
Small black dots mark position of traps which caught pet ; other traps are denittene Gale 
and crosses represent mice ; each is placed as close as possible to the trap in which the mouse 
was caught. A hollow circle is a mouse caught in the first round of trapping ; a cross is a 
mouse caught in the last round, in an area in which it was caught before ; the two solid 
circles are mice caught in the last round only ; a cross is superimposed on a circle where a 
mouse is known to have been caught in the same place in both rounds. Solid lines join _ 
positions in which the same mouse was caught ; broken lines indicate uncertainty of id nti 
fication (see text, p. 11). Banks on 14d and e are hatched. i : i 


Records depend on position of nest. The distances given in the last column of” 
Table IIT do not measure variation in the wandering propensities of individual mice 
but are chance results of our arbitrary choice of areas and trap sites. As we have 
Just seen, two or more of these distances, especially the longer ones, often relate 
to one individual, which may be pictured as wandering out from a home centre - 
between our trapping areas, and chancing now on one and now on another of our traps 
In order to find these centres, and to trace the ranges or ambits of the jadividest 
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‘mice, the laying and shifting of traps would have to be directed to that end alone 
-and adjusted to suiteach mouse. The outer limits of the range might well be impossible 
‘to determine. The points at which a trap could be set at a given distance from the 
nest would increase in number as the distance increased, and the chances of a mouse 
‘encountering any one such trap in its night’s wanderings would decrease with this 
distance. To closely encircle a mouse with traps would of course become more and 
more impracticable the greater the circumference of the circle ; moreover, sufficient 
traps would have to be set round any point to absorb all the mice living nearer at hand 
than the mouse in question and likely to reach that point earlier in the evening. 
‘Thus the outer limit of the mouse’s wandering would be unlikely to be recorded, 
not only because the mouse would rarely wander so far, but also because the chance 
-of its wandering in the particular direction of a distant trap would be very rare. 

The three most extensive mouse ambits which we observed on South Haven 
Peninsula were those of a mouse from the heathland (No. 210 mentioned above) 
and two from the woods; the positions in which these mice were caught are shown 
in figs. 1 and 2, and the distances between the traps in Table IV. It will be seen 


‘Taste IV. The distance records of three mice. The traps visited are shown in 
fig. 1 for mouse 210 and fig. 2 for mice 156 and 130; the distances are 
included in Table IT. 


8 8080.80 8 00 


Mouse 210, 9. Mouse 156, ¢. Mouse 130, 3. 
Sites. | Distances. Sites. Distances. Sites. Distances. 

F 44a to 14b 2? 98 yds. 12a to 12e 242 yds. 12d to 12a 209 yds. 
‘| 14b to 14d SOCMaeS 12e to 12b 20 Daees 12a to 12e 228 
| 14d to 14e D610... 12a to 12b AD es 12dto12e . Goer 
| 14e to 14a 261 ee 12b to 13 PXOBY as 

14b to 14e 7b. “12a to 13 D5 sss 
| 14a to 14d 441 ,, 12e to 18 iat oe 


| ee eS SSS EE 


from the diagrams that the consecutive movements were not in any one direction ; 
that is to say they were not migrations but movements about the home centre of 
the mouse. Later we hope to give a picture of the large number of similar ambits 
which we found densely scattered over a much wider area in Holwood Park and 
intricately overlapping each other. 


5. Homine RECORDS. 


During the early days of our trapping on South Haven Peninsula, we took the 
night’s catch home each day, weighed the mice, measured their hind feet, put numbered 
aluminium rings round their legs and released them on the following day at varying 
distances from the traps. This left the traps free to catch other mice, at least on 
alternate nights. Finding that the mice always returned to the traps from the 
shorter distances, often to the same trap in which they were first caught, we tried 
releasing them farther and farther away until a limit was reached beyond which they 

i return. 
ee Tih ictancon, in yards, from which mice returned to the area in which they were 
caught were :—75, 100, 115, 170, 203, 315, 355, 390, 400, 495, 600, 635, 635, 640, 
640, 640, 660, 675, 720 and 1125 yards. j 

The distances from which they are not known to have returned were :—412, 435, 
575, 635, 640, 715, 715, 715, 810, 940, 950, 1010, 1030, 1090, 1240, 1315, 1445, 1465 
and 1465 yards. Ly 

These two sets of distances overlap, some mice. returning and some failing to 
return within the range 412 to 1125 yards. The records are shown diagrammatically 
in fig. 3 for mice caught on area 1, and fig. 4 for mice caught on areas 2and 38. The 
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lines joining releasing points to catching area do not of course indicate the routes. 
actually followed by the mice in their return. A broken line indicates that a mouse 
failed to return from that releasing point. The numbers are the index numbers . 
which we gave to individual mice in our notes. The sexes are given below the- 
diagrams and show no detectable difference in homing. : 

As regards the time taken in homing, Nos. 11, 12 and 13 had all made their return 
journey by the morning after their release, Nos. 2 and 5 had returned by the next 
morning on two occasions and No. 3 on as many as four occasions, twice from the- 
woods across the lake. The other mice may have returned just as quickly although 


Ral Rigel eed =: 


= SEA 


Fig. 2. Map of areas 12 and 13, described on pp. 3-4. Trees are stippled. Trap sites are- 
marked by larger black dots. Mouse 156 was caught consecutively at A (hazel zone, 12a),. 
B (bracken glade, 12e), C (blackthorn thicket, 12b) and D (ditch on heath, 13) ; mouse 130 at X. 
(boundary bank of birch wood, 12d), Y (hazel zone, 12a) and Z (wood margin of bracken. 
glade, 12e). Distances are given in Table IV. 
The area to the south-east of the wood is swamp, that to the north-west with dotted) 
outline is bog. 


not caught again next morning. Nos. 63, 33, 36 and 49 were found in the- 
traps on the second morning after their release, No. 61 on the third morning, 
No. 3 on one occasion not till the sixth morning after its release in the woods, 
No. 2 not till the seventh morning after its release in the woods, and No. 64 not till 
the ninth morning. In the last three cases the traps were not out on all the inter- 
vening nights. 

It will be seen from the diagrams that the shortest distances from which mice failed. 
to return to where they were caught were across the marsh which lay between area 2° 
on the one hand and areas 1 and 8 on the other hand. There was standing water: 
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over much of this marsh at the time of trapping. The fail i 

and 53 caught on area 2 and released 370 and 107 yards we lonahch 8 No at 
caught on area 8 and released 412 yards away on area 2, and No. 14 caught on area 1 
and released 435 yards away on area 2. These four distances are all shorter than the 
longest wandering (441 yards) recorded in Table III for mice released in the area 
in which they were caught. We have seen that long wandering records were- 


apap 


YARDS 


- Figs. 3 and 4. Field of homing experiments. Fig. 3, mice caught on area 1. Fig. 4, mice 
caught on areas 2 and 3. Each number is the index number of a mouse. Black dots are 


releasing places. Solid lines represent return, broken lines failure to return, 
Males: 2, 3, 13, 14, 35, 36, 48, 51, 53, 57, 62, 65, 71. 
Females: 5, 11, 12, 33, 44, 45, 46, 49, 61, 63, 64. 
Undetermined: 34, 54. 


probably obtained when two catching areas lay by chance at a distance on either 
side of the home centre of the mouse. In the same way, when loosely talking of 
‘homing ’ records, it must be remembered that the true home centre of the mouse 
may lie at a considerable distance from the catching area, and either towards the 
releasing point or away from it ; therefore the shorter the distance between releasing 
point and catching point, the less accurately is this distance likely to approach a 
true measure of that actually covered by the mouse in finding its way home. 
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Some more is known of the history of Nos. 34 and 53 from area 2. Traps were 
-out on area 8 at the time of their release there, and next morning both mice were 
found caught in these, No. 53 in a trap about 30 yards out into the marsh north of 
the releasing point and No. 34 by the marsh edge about 10 yards to the south-east. 
- Owing to this interception by traps which happened to be there for another purpose, 
the distances from area 2 have not been listed on page 13 among those from which 
mice failed to return. No. 34 was released for a second time at the southern tip 
of the marsh, at the point from which No. 54 is shown in fig. 4 to have returned to 
area 2; this time No. 34 was recaught two days later on area 1, as if it were attempting 
to return, not to area 2 where caught originally, but to area 3. From a third release 
in the woods across the lake it failed to return at all. No 53 was released in these 
woods and actually succeeded in a return journey of over 700 yards, in this case 
also to area 8 instead of to area 2. None of this subsequent history of Nos. 34 and 53 
has been shown in the text-figures, and the distances have not been included in the 
two lists given above. No. 63’s 720-yard return journey from the woods has been 
included, however, since area 4 where it was recaptured was very close to area 1 
where it was first caught. 

The supposition that the marsh formed a barrier between areas 1 and 8, is rather 
shaken by the ease with which at least seven mice succeeded in ‘ homing ’, one of them 
three times, when released in the woods (area 12) on the opposite side of Little Sea ; 
for unless these mice swam directly across the lake, they must have negotiated the 
reed swamp to the south of it or gone still farther south beyond the region from 
which other mice failed to return. We noticed how easily No. 3 took to water when 
we were watching him after his first release ; he swam across an open pool in the 
marsh to a small island where he sat up and dried himself. After release in the woods, 
this mouse was twice found back in the traps on area 1 by the next morning. 

Of the woods’ mice themselves we have two records of returns between areas 12a 
and 12c, a distance of about 100 yards. Two woods’ mice were released on 

_January 14th in the aspen wood (area 7) beyond the reed swamp, and two by the 
pools to the east of this area, the distances varying from 385 to 635 yards ; none of 
‘them had found their way back to the traps in the woods when these were all taken 
up next morning. On January 15th six woods’ mice were released among the dunes, 
four of them on area 1 at distances varying from 580 to 640 yards ; as the wood traps 
had been taken up there was again no means of knowing whether they found their 
way home or not, but only one mouse, its number obliterated by gnawing, was 
trapped in the woods when we returned there on February 8th. None of all these 
woods’ mice were caught in the traps on the dune areas ; they may have found their 
way home but died before our next visit owing to injury or handicap from the rings. 

Conclusions on homing. The result of all these releases at varying distances may 
now be summarized. All the mice found their way back to where they were caught 
if this was not more than 400 yards away, or about the observed limit of their usual 
nightly wanderings ; from 400 to 720 yards about as many found their way back 
as not ; while from over 800 yards eleven mice failed to return and only one very 
exceptional return of 1125 yards is recorded. 

In view of Chitty’s 600 yard record for natural wandering, our later records 
of 645 and 545 yards in Holwood Park, and the improbability of recording maximum 
travels, it seems possible that the distances covered in homing may have been across 
country known to the mice, though it is hard to believe that the dune mice were 
familiar with the woods across the lake. 


6. SUMMARY. 


1. Traps were set for the field mouse, Apodemus sylvaticus, in a great variety 
of environments on South Haven Peninsula in Dorset, an area already surveyed 
by ecologists. 


2. A description is given of the areas chosen for trapping and the trap sites 
are shown on a map. 
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a A me numbers of mice caught in over 50 different environments are given in 
Table I. 


4. Reasons why these numbers are not comparable are discussed. 


5. Comparisons are nevertheless attempted between woods, dunes and heaths, 
‘and the woods are shown to have been the most populous. 


6. Outside the woods the largest numbers of mice recorded in Table I were caught 
where the traps were set in a long line; this was probably because a line of traps 
drains a larger area than a cluster where other conditions are equal. 

7. The same individuals were caught in several different environments. 


8. In considering the preference of mice for different environments a method of 
census is needed which will discriminate between residents, visitors and mere passengers. 
The difficulty of finding such a method is emphasized. 


9. A list is given in Table III of the distances between any two traps visited 
by the same mouse. Only one distance of over 400 yards is recorded, two between 
350 and 400 yards, while below 250 yards the records become very frequent. 

10. These distances do not show the length which a mouse can travel but result 
from the position of its nest relative to our arbitrarily chosen trapping sites. The 
longest distances are likely to have been recorded when the nest was centred between 
two sites. 

11. The number of mice common to two areas depends not only on the distance 
between the areas but also on whether the intervening ground is habitable. Uninhabit- 
able areas such as swamps are not so much barriers to mice as ground from which 
there are no mice wandering out in each direction. 

12. Mice released at a distance from where they were caught found their way 
back over much greater distances than those recorded here for natural wandering. 
Longer wanderings observed elsewhere suggest that the mice may have been familiar 
with the country through which they returned, but this is hard to believe in the case 
of returns of over 600 yards from the opposite side of the lake. 


7. CONCLUSIONS. 


Under the conditions on South Haven Peninsula Apodemus sylvaticus was caught 
in a great variety of plant environments, individual mice ranging over whatever 
type of country lay within 200 yards or more of their nest. Bogs and swamps were 
uninhabited but apparently not impassable. There was no evidence of isolated 
communities and interbreeding would appear to have been possible up to the limit 
of the wandering power of the mice. Nor was there any evidence of migration 
within the area during the season in which we trapped there. There was striking 
evidence that mice returned home when released at a distance from where they were 


caught. 
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- The two genera Leiopelma (New Zealand) and Ascaphus (Northwestern United 
States of America), the most primitive of living frogs, were placed by Noble (1931) in 
the sub-order Amphicoela. Previously (1922) he had referred both genera to the 
Discoglossidae, but in 1924 he proposed a new family, the Liopelmidae* for their 
reception, and in his later classification of the Amphibia (1931) he placed the Liopel- 
midae in a separate sub-order at the base of his evolutionary tree for the Anura. He 
justified this classification on the grounds that these primitive genera are distinguished 
from all other frogs by their amphicoelous vertebrae, the interdorsals and interventrals 
remaining cartilaginous as in the majority of urodeles. He also noted that both 
genera are primitive in possessing two tail-wagging muscles, the pyriformis and the 
caudali-pubo-ischio-tibialis, even though neither possesses a tailin the adult. Noble’s 
classification has been upheld as far as the primitiveness of the two genera is 
concerned by subsequent investigations of the adult morphology. But although the 
importance of studies on the development of these frogs was stressed by de Beer (1937) 
and Pusey (1938), little information is as yet available apart from some general 
observations on their life histories. 

The first general account of the life history of Leiopelma was given by Archey (1922), 
whose description was based on observations of developing eggs, some of which were 
hatched out in the laboratory. Some of his material was re-examined by Noble (1927) 
who noted a close resemblance between the early embryos of Leiopelma and Ascaphus. 
Observations on the life history of Ascaphus were published by Gaige (1920) and Noble 
and Putnam (1931). The first detailed account of structures in any developmental 
stage of either genus was given by Pusey (1943) in his account of the chondrocranium, 
jaws, arches and muscles of a partly-grown larva of Ascaphus. 

Detailed investigations of development in these primitive frogs has been delayed 
through difficulties of obtaining material for research. This is particularly true of 
Leiopelma, which is only found in rather inaccessible localities and is restricted in its 
distribution ; it is protected in New Zealand under the Animals Protection and Game 
Act, 1921-22. The following description and discussion are based on specimens of 
Leiopelma in various stages of development, which were collected from the Coromandel 
Peninsula, by permission of the New Zealand Government. A valuable series of 
metamorphosing tadpoles of Ascaphus truei, obtained from Mt. Rainier, Washington 
was provided by the Auckland War Memorial Museum. ‘ 

The life histories of these two frogs may besummarizedas follows: whereas Ascaphus 
lays its eggs in water and has an aquatic tadpole stage, Leiopelma has been observed 
to lay eggs on land only and these eggs undergo intracapsular development ; there is no 
free-living aquatic tadpole stage, and a tailed froglet hatches from the egg. It might 
be thought that development on land would involve striking specializations. This is 
not the case and such adaptations as occur are related to intracapsular rather than 
terrestrial conditions of life. It is evident from a number of examples among 
urodeles and frogs that amphibian eggs which undergo intracapsular development in 
water do not require fundamental structural adaptations to enable them to undergo 


* As Turbott (1942) pointed out, Fitzinger’s (1861) original spelli i 
\ é 5 pelling, viz. LETOPELMA, should 
be retained. The spelling Liopelma first appeared in a description by Gimther (1868) of tae 
batrachians added to the collection of the British Museum. Furthermore, Noble’s familial name was 
incorrectly formed from the root and should be amended to LEIOPELMATIDAE. Noble (1942) 


stated in a footnote that he followed present day custom in using th ; : . 
the familial name. Pp i sing the oldest generic name in forming 
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such development in damp situations on land, and vice versa. With Amphibia, the 
descriptive term ‘ development on land” is perhaps misleading, for it does not mean 
‘complete independence of surface water. 

The eggs of Leiopelma have been noted in large numbers in areas of sphagnum bog 
at Mt. Moehau, Coromandel Peninsula, N.Z ., in damp situations which, though essenti- 
ally terrestrial, could be subject at least to temporary inundation through heavy rains. 
A few of these eggs* were collected for embryological study and all proved to be those 
of the recently described terrestrial type, L. archeyi (Turbott, 1942). Although gravid 
females of the more aquatic L. hochstetteri were found at Coromandel with L. archeyt in. 
terrestrial areas during the breeding season, no evidence of egg-laying habits was 
obtained from the Huia and Warkworth areas, both near Auckland, where L. hoch- 
stettert alone occurs. Thus one cannot dismiss the possibility that the eggs of L. 
hochstettert might be laid for preference in water and there undergo intracapsular 
development. 

Both Leiopelma and Ascaphus lay large, yolky, unpigmented eggs. The freshly 
laid egg of Ascaphus with its capsules measures 4-5 mm., the egg alone 4 mm.., according 
to Noble and Putnam (1931). Gaige’s (1920) measurements are capsule, 8 mm., 
yolk, 5 mm. diameter. The eggs of Leiopelma are of similar size ; at the time of laying 
they are approximately 5 mm. in capsular diameter. As development proceeds in 
Leiopelma, there is a considerable accumulation of fluid around the embryo, and the 
enveloping capsule may be distended to a diameter of about 1 cm. before the time of 
hatching. The embryo within reaches a total length of 17 mm. to 19 mm. and its tail 
is curved from the base around the side of the body, so that the tip is close to the head, 
or even projects in front of it. (Pl. J, fig. 4.) 

According to Noble and Putnam (1931), each egg of Ascaphus is surrounded by 
two capsules and a very thin vitelline membrane. The outer capsule is very adhesive 
so that the eggs often stick together in rods or clumps, but there is no enveloping 
membrane for the cluster, as described by Archey (1922) in Letopelma. Archey 
states that the eggs of Lezopelma are laid in clusters and that each cluster is surrounded. 
by a soft transparent gelatinous envelope, the outer portion of which forms a thin 
membrane. I could not confirm the occurrence of an enveloping membrane, and found. 
that the capsular arrangements are essentially similar to those described in Ascaphus. 
Immediately within the gelatinous capsule, but closely applied to it, is a thin but 
distinct vitelline membrane which is sharply differentiated from the capsular jelly by 
its staining properties. Some adult specimens of Leiopelma, brought from New 
Zealand in August 1947, have since been kept alive and in healthy condition by my wife 

in the Department of Zoology, University College, London. Two of these animals. 
were induced to lay eggs, which proved to be infertile. In one instance, the eggs were 
observed to be laid in a single rosary-like string, but, when the frog was disturbed, 
the eggs rolled together into a cluster and adhered firmly to one another, because the 

_ outer layer of the gelatinous capsule is very sticky at first. 
In field observations at Mt. Moehau, Coromandel, N.Z., it was noted that the 
~ number of eggs laid by Levopelma may range from two to eight in a cluster. It is 
clear from dissections that the eggs from each ovary are laid separately, and that the 
eggs of a cluster represent the number of mature eggs in one ovary at the time of 
laying. The ovaries contain large and small eggs at all times of the year, so that 
presumably the maturation period is a lengthy one. Ascaphus has been induced to 


* atory, the eggs of Leiopelma were hatched out from clusters which were placed on 
ee in dishes en a a third of an inch of water in the bottom of the dish. Eggs nk 
often attacked by moulds and in order to prevent such growths from becoming establishe ce the: 
outside of the capsules, the clusters were picked up and washed. daily under a stream from t oer: 
After they hatched, the tailed froglets, about 20 mm. in total length, were also examined nae y 
and were seen to be rather quiescent, being found either on the damp moss or on the bottom s ee 
dish completely submerged in water. Occasionally one would crawl up the vertical sides o ie e 

lass dish. The froglets swam, when disturbed, by alternate movements of the limbs as well as: 
5 movements of the tail. At first, recently hatched frogs merely crawled. about on the moss, bu% 
Stier two weeks they were capable of jumping in leaps of two or three inches. 


Q* 
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lay eggs in the laboratory (Noble and Putnam, 1931) by the implantation of fresh 
anterior pituitary substance of various Amphibia. The number of eggs laid under 
these conditions has varied from 28 to 47 and most of them developed normally. 

In Ascaphus, fertilization is internal. The genus is unique among Anura in that 
the male frog possesses a cloacal appendage—a ‘phallic organ’ or ‘ tail ’>__which serves 
asa copulatory organ. De Villiers (1934) compared this intromittent organ of Ascaphus 
with the copulatory structures described in urodeles (Tviton) and in the Gymnophiona 
(Siphonops). The possession of a copulatory organ by Ascaphus constitutes a striking 
difference between Ascaphus and Levopelma, in which genus no such structure occurs. 
No direct evidence regarding fertilization in Letopelma is available at present, but 
amplexus, which is of the lumbar type in Ascaphus, has never been seen in Leiopelma, 
although this frog has been observed in the field for several years, and although 
specimens have been kept in captivity for over a year. Brooding habits, however, do 
occur in Leiopelma and it is usual to find an adult male sitting over the cluster of eggs. 

Since no one has observed Leiopelma laying eggs under natural conditions, and 
attempts to obtain fertile eggs under laboratory conditions have not been successful, 
one can only make an approximate estimate of developmental times. In other 
Amphibia which lay eggs in clusters, the individual eggs vary in their developmental 
rate. Those on the outside of the cluster develop more rapidly, and are the first to hatch. 
In Leiopelma, the number of eggs in each cluster is very small compared with the 
number in other Amphibia and a considerable surface of each egg is exposed. It is 
known that whereas the eggs of some clusters may hatch within a few hours of each 
other, the hatching of eggs of large clusters may extend over a few days. Itisnotable, 
however, that commonly one or more eggs in a cluster may fail to show any sign of 
development. Eggs of Leiopelma have been observed in the field during the months of 
November and December. Egg clusters were noted on 23 November 1946, at Mt. 
Moehau. The first eggs of these clusters hatched on 25 December 1946, and the 
last on 3 January 1947. Thus, the youngest intracapsular embryos hatched 41 days 
after the first being observed and there was a difference of 9 days between the times of 
hatching of the first and last eggs of these clusters. Without considering variation in 
the developmental rate, which could only make a difference of a few days, one may 
estimate thatthe frog developsas an intracapsular embryo for atleast six weeks, possibly 
longer, since even the youngest eggs may not have been laid immediately prior to 
discovery. After hatching, the tail is absorbed and has practically disappeared at the 
end of the fourth week. 

Archey (1922) found that an intracapsular embryo of Letopelma, prematurely 
extracted from its capsule and placed in water in a watch glass, straightened itself out 
and continued to develop. Although its rate of development was much slower than 
that of individuals inside their capsules, it continued to develop for 11 days and then 
was accidentally destroyed. 

Noble and Putnam (1931) noted that the larva of Ascaphus does not hatch until 
a month after the egg is laidin water. At this time the larva measures approximately 
13-5 mm. total length, 5 mm. in head and body length. The tadpole shows. consider- 
able adaptation to life in mountain torrents. Despite these mountain brook adap- 
tations, which have no counterpart in Leiopelma, Noble (1927) noted that there was 
a close resemblance between the early intracapsular embryos of both genera. 

It seems likely from the field notes of Putnam, quoted by Noble (1927), that the 
eggs of Ascaphus hatch during August and that the tadpoles metamorphose in August 
or September of the following year. In the series of photographs of tadpoles which 
illustrate stages in this metamorphosis (Pl. 3, figs. 2, 3 & 4), it may be seen that the 
tadpole is provided with a complete branchial chamber, closed except for a single 
median spiracle which is very inconspicuous and is placed immediately behind the 
lower lip that often conceals it. The developing fore limbs are thus housed in the 
ea SOs ae ener of the fore limbs at metamorphosis, unlike that 
« , is symmetrical in that they both project through the single median spiracle 
(Pl. 3, fig. 3). The hind limbs of Ascaphus are visible externally before the fore 
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limbs emerge and their tips are first seen projecting from beneath a large and prominent 
flap, which also covers the anal papilla (Pl. 3, fig. 2). This flap is attached to the 
body by its base, and to the tail by a thin membrane. As the hind limbs develop, it 
is pushed forwards and disappears. 

Archey (1922) noted that in the intracapsular embryo of Leiopelma a transverse fold 
or collar extended across the throat. He considered that its function might be 
respiratory, but observed that it was not vascular at any stage of development. This 
gular fold is continuous from side to side and laterally, where it covers the bases of the 
fore limbs, it becomes forwardly directed (Pl. 1). I find that this is essentially an 
opercular fold which does not close to form a branchial chamber but remains widely 
open from side to side. Thus there is, between the gular fold and the ventral body 
wall, which is distended by the yolk endoderm, a deep branchial groove into which 
visceral clefts open rather laterally. Internal gills are not developed in association 
with these clefts, of which four are open on each side in the intracapsular embryo.. 
These clefts are gradually reduced in number, three remaining open on each side at 
the time of hatching, and one week after hatching at least one cleft on each side can be 
followed out to open to the exterior. At this stage also, the branchial groove has been 
much reduced in the middle line, but it remains more distinct laterally where the gular 
fold still covers the base of each fore limb. A spiracular pouch or cleft, which, as in all 
Amphibia except the Gymnophiona, does not perforate the pharyngeal wall, is also. 
developed in the intracapsular embryo. This spiracular cleft is well developed up to 
the time of hatching, when it disappears. Thus, Eustachian tubes are not developed 
and this is also the case in all urodeles, and in Ascaphus, Bombina and certain other 
anuran genera. 

In its four open clefts devoid of internal gills, its opercular fold, and its widely open 
branchial groove, Leiopelma has no parallel among the Anura. Closure of the viscerah 
clefts and reduction in their number, or closure of the spiracle and reduction of the 
closed branchial chamber are characteristic of other Anura with direct development 
or non-aquatic tadpoles. Thus, although four pharyngeal pouches have been observed. 
in the direct development of Eleutherodactylus (Sampson, 1904 ; Giltin, 1944 ; three 
pouches in Z. nubicola, Lynn, 1942), these, as also in Anhydrophryne (Warren, 1922) 
never perforate the pharyngeal wall. There is no branchial chamber in Eleuthero- 
dactylus, but, as first observed by Sampson (1904), separate dermal folds cover the base: 
of the fore limb on each side. Sampson noted that the dermal fold resembled an early 
stage of an operculum, but was uncertain regarding its homology. Similar separate 
dermal folds have been described in the development of Anhydrophryne rattrayt 
(Warren, 1922). In this latter species, the folds grow obliquely forwards and downwards 
over the fore limb buds, and fuse on to the epidermis in front of and below the buds. 
Thus the fore limbs continue to develop each in a separate enclosed cavity and do not 
perforate the covering fold until late in metamorphosis. Warren states : ‘ It is not 
possible to regard these folds as non-homologous with a true opercular fold, but the 
line of origin of the fold has been shifted away from its typical position.’ Lynn (1942), 
however, was unable to support this homology from a study of the dermal folds in 
Eleutherodactylus nubicola. In both Eleutherodactylus and Anhydrophryne, the absence 
of open clefts and the fact that the dermal folds are separate on each side have led to. 
- difficulties in establishing such a homology. His 

In the development of the ranid Arthroleptella (de Villiers, 1929), which has a 
non-aquatic tadpole, the pharynx is perforated only by a pair of openings, one on 
each side, which are devoid of gills. These two openings place the pharynx in 
communication with a chamber which is continuous from side to side but which has 
no outlet to the exterior, for a spiracle is not developed. Similar conditions are: 
described for Breviceps parvus (de Villiers, 1929) and Sooglossus (Arthroleptis) 

Ilensis (Brauer, 1898). 
ie aaah the only ies comparable to that of Leiopelma is to be found among 
the urodeles, which may possess a similar fold and groove and similar, though fewer, 
’ open clefts. Internal gills are never developed in association with these clefts and the 
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gular or opercular fold never grows back to form a branchial chamber. In the tadpole 
of Ascaphus, however, internal gills do o¢cur, but no external gills are formed (Noble 
and Putnam, 1931). The branchial arches are covered over by the opercular fold of 
each side while they are still devoid of gill tufts. : 

The tail of the embryo of Leiopelma is neither flattened nor expanded and is strongly 
muscular. Because of this, it is able to play an important role in the hatching process. 
Archey (1922) has reported that hatching is a slow process correlated with a disinte- 
gration of the capsule, and Noble (1926) remarks that the whole process seems more 
urodele than frog-like. On several occasions my wife and I have observed this 
hatching process, and we have noted that it is effected by vigorous movements of the 
muscular tail, which breaks through the capsule. After the capsule is broken, the 
embryo often remains with the tail, now straightened out, projecting from the 
gelatinous mass. Occasionally the head also projects but the embryo may remain 
for some time partially embedded in gelatinous material before wriggling clear. 

When sections of the head of an intracapsular embryo are examined, it is found 
that large numbers of gland cells occur dorsally in the epidermis. These cells, like 
those described in Alytes by Noble (1926) and referred to below, are not restricted to a 
single glandular area, but are widely scattered. In Heidenhain’s azan such cells are 
strongly stained by the aniline blue. They are very numerous and cover a continuous 
and considerable area over the head, dorsally between the eyes, and a narrow band 
along the full length of the back in the mid-dorsal line. Anteriorly, they extend 
dorsally over the snout and laterally around to the level of the external nostrils. At 
this level they suddenly end and are neither found ventro-medianly below the nostrils, 
nor on the ventral surface of the head generally. In a transverse section of the head, 
under low power magnifications, one may count over 100 secretory cells, superficially 
placed in the epidermis, in the dorsal band. Along the back, as far as the beginning of 
the tail, about 20 cells may be seen in any one transverse section. These secretory 
cells, though characteristic of late intracapsular embryos, are not evident in the post- 
hatching stages which have been examined. It is thus very probable that these 
secretory cells have a function complementary to that of the muscular tail in the 
hatching process of Leiopelma. 

Noble (1926), in discussing the hatching processin Alytes, Eleutherodactylus and other 
amphibians, considered the mechanisms whereby the amphibian embryo enclosed 
within its egg capsule is able to free itself, and pointed out that the process is adequately 
described in only a few forms (cf. Bles, 1905). He showed that in Alytes eosinophil 
secretory cells, remarkably similar to the cells of the frontal organ of Rana and Bufo, 
initiate the hatching process. These cells, however, are scattered over the head and 
snout and do not form a distinct frontal organ. Hatching ferments are not known to 
occur in urodeles, but their possible occurrence has not been adequately investigated. 
Noble examined sections of recently hatched Desmognathus fuscus and could not find ~ 
secretory cells comparable to those in Alytes, but it must be noted that such secretory 
cells have disappeared from the epidermis in recently hatched Leiopelma. The intra- 
ae embryo of urodeles should be examined for the presence or absence of these 
cells. 

The tail of Letopelma is not only muscular, but also vascular. This condition in 
the living embryo is readily seen through the capsule, since pigment is not developed 
in the tail. Archey observed that there were no gills in Leiopelma, respiration being 
no doubt effected by this vascular tail. Noble questioned his statement and noted a 


distinct suggestion of three branchial arches in an early intracapsular stage. However, 
in the development of Lei 


opelma, the respiratory mechanism appears to be as follows. 
Branches of the large omphalo-mesenteric veins ramify over the ventral abdominal - 
wall (Pl. 1, figs. 1 & 2), which has a considerable surface area since it is distended by 
the yolk. There is little doubt that cutaneous respiration in this region is of signi- 
ficance. Furthermore, the tail of the intracapsular embryo, though not expanded, is 
curved round and pressed against the inner wall of the capsule and its blood supply 
shows that it is.of importance as a respiratory organ. The posterior vena cava is 
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established early in development as a large continuous vessel from the caudal vein to 
the sinus venosus. Thus blood, which has reached the tail directly through the 
dorsal aorta and the caudal artery is carried back to the heart directly from the tail. 
The later establishment of posterior cardinal veins does not interfere materially with 
this direct venous channel from tail to heart, which is maintained until the tail is 
reduced after hatching. Elsie M. & N. G. Stephenson (1947) found that well-developed 
posterior cardinal veins as well as a posterior vena cava are present in the adult 
Leiopelma and that a remarkable degree of variation occurs in the blood vessels of the 
kidney region. The venous circulation in the embryonic and early post-hatching 
stages of Leiopelma has no parallel amongst the Anura as far as I am aware, and the 
development of postcaval and posterior cardinal veins has not yet been studied in 
detail in either Leiopelma or Ascaphus. The postcaval vein is a formation which 
appears for the first time in the vertebrate series in the Dipnoi and the direct 
connection between the caudal vein and the posterior vena cava which occurs in the 
development of Leiopelma is found also in Ceratodus. 

Of other general features of the intracapsular embryo of Leiopelma, the external 
nostrils are situated at the bases of slight ventro-lateral depressions. The eyes are 
particularly prominent, bulging well out from the sides of the head. The mouth 
aperture is ventrally placed some distance back from the anterior tip of the head. 
An interesting feature is that the tongue is well developed from a fairly early intra- 
capsular stage, whereas the published figures (Pusey, 1943) indicate that a tongue is 
not developed in the tadpole of Ascaphus. 

No larval teeth are developed in Leiopelma and there is no trace of teeth in a frog 
which was sectioned four weeks after hatching. The yolk endoderm is proportionately 
very large and there is still a quantity of yolk in the gut even four weeks after hatching. 
It is quite clear that as yet the frog is not actively feeding, and that the late 
development of teeth is correlated with this fact. Gastric glands, too, are only at the 
formative stage at this time. 

There is no coiling of the intestine as is a feature of tadpoles with vegetarian diet. 
The fore gut of the intracapsular embryo is a straight tube and merely forms a slight 
S-loop before becoming continuous with the yolk endoderm. The gut pursuesa straight 
course back from the yolk endoderm to open at the tip of the anal papilla, a prominent 
median structure projecting between the developing hind limbs. The relationships of 
the yolk endoderm to the remainder of the gut are similar to those of other Amphibia 
with large yolky eggs undergoing holoblastic segmentation and direct development. 

Archey (1922) observed that the rudiments of the fore limbs in Leiopelma were 

evident at a much earlier stage than the hind limbs. Noble (1927), who examined 
some of Archey’s original material, stated as one of several characters in which 
Leiopelma differs from all higher types which have direct development, that the front 
legs develop earlier than the rear pair. I have not been able to confirm these state- 

ments; in sections of early intracapsular embryos I found that the fore limbs and hind 
limbs are at the same stage of development throughout. At early stages, the rudiments 

-of the hind limbs are placed side by side, separated only by the anal papilla, and 
situated close to the mid-ventral line. In these stages, they would be difficult to 
detect without sectioning for they are covered from above and further concealed by the 
base of the tail, whereas the fore limbs project laterally from the body and are more 
readily observed. Lynn (1942) found that the fore and hind limbs of # leutherodactylus 
nubicola appeared simultaneously and grew steadily throughout the intracapsular 
period. He found that the well-marked period of rapid hind-limb growth commonly 
associated with anuran metamorphosis is not present and that the growth of the hind 
limbs accompanies that of the body and continues until hatching, at which time it 
has levelled off when the adult proportions have been reached. In Leiopelma, a similar 
steady growth of the fore and hind limbs occurs during intracapsular development, but 
at the time of hatching the hind limbs have not reached adult proportions. They do 
so gradually in the succeeding weeks, when the tail is being absorbed (Pl. 2). ; 

Certain frogs in which a more or less direct development occurs, or in which a 
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tadpole stage has clearly been suppressed, are stated to shorten the larval stages in the 
development of various systems, since these stages are no longer required, and to 
acquire their adult characters at an early date. There is no evidence of this in the 
slow intracapsular development of Leiopelma. : For example, when the so-called 
‘froglet ” hatches, it has a typical larval arterial circulation in that there are four 
aortic arches. A similar larval condition is found in the excretory organs at this time ; 
Dr. E. A. Fraser recently examined my slides and found that the pronephros, far 
from being degenerate or suppressed, is large and well developed up to a few weeks. 
after hatching. : 

The lungs, also, are not sufficiently developed to be functional until some weeks 
after hatching, and cricoid and arytenoid cartilages, which are separate in their develop- 
ment, are not fully chondrified until this time. In the adult frog, E. M. Stephenson 
has found that the lungs are relatively small. Noble (1931), without knowledge of the 
condition in Leiopelma, suggested that the simple structure of the lungs of the adult 
Ascaphus is a reduction, and that cold water had been an important factor in 
permitting this reduction. In Ascaphus, too, lungs appear to be absent during the 
greater part of larval life. ; wie 

The external features of the Ascaphus tadpole show striking adaptations to life in 
mountain brooks (Noble, 1927). The mouth region is particularly modified (Pl. 3, 
fig.5). There is an enormous ventrally placed sucker and the larval teeth, set in double 
rows, are specially adapted to obtain a grip on the rocks to which the tadpole clings. 
By moving the jaws, the tadpole is able to move over a rocky surface without losing its 
grip, and folds in the sucker are so arranged as to permit the mouth to be opened for: 
this purpose without seriously detracting from the suctorial nature of the apparatus. 

Unlike those of the embryo of Leiopelma, the external nostrils are dorsally placed 
and are exceptional amongst Amphibia in that they are produced into irregular funnels. 
(Pl. 3, fig. 6). When a strong current is directed against them, these structures 
bend down and close, thus controlling the current of water passing through the 
nostrils and out through the median spiracle. No other tadpole is known to be 
equipped with such structures, and the tadpole takes in food particles, up to a size of 
1 mm. through its external nares (Noble, 1927). There is no suggestion, however, 
that this is the only method of feeding, for particles of vegetable matter, scraped off 
the moss-covered rocks as the tadpole moves along while still maintaining a grip by 
means of its sucker, would no doubt be ingested through the mouth in the normal way. 

Noble (1927) states that the lateral line system is not visible in the tadpole of 
Ascaphus and he regards this as one of a number of adaptive features related directly 
to life in the mountain torrent. The photograph of the dorsal region of the head of the- 
tadpole (PI. 3, fig. 6), however, shows that such organs are present and gives some 
indication of their pattern. It is clear from her description of the Ascaphus tadpole 
that these structures were first observed by Gaige (1920), who described them as 
‘muciferous crypts’. No trace of lateral line organs has been found at any stage of 
the development of Leiopelma. 


SUMMARY AND Discussion. 


The possible significance of the developmental features of Leiopelma and Ascaphus: 
is best considered in relationship to their systematic position amongst frogs. Noble’s 
(1931) recognition of the primitiveness of these two genera has been upheld and 
confirmed by subsequent investigators. For example :— 

1. There are 9 presacral vertebrae in Leiopelma and Ascaphus, but not more than 8. 
in any other living frogs. 

2. Leiopelma and Ascaphus agree with primitive urodeles in that the interdorsals and 
interventrals remain cartilaginous throughout life. The vertebrae are thus. 
amphicoelous, but this condition is not found in any other living Anura. 

3. In the Anura, the reduction of true ribs has reached an extreme. Only Leiopelma, 
Ascaphus and the Discoglossid frogs retain ribs in the adult, though Pipids have- 
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ribs while larvae (Noble, 1931). In the adult Leiopelma, there are at least two 
pairs of true ribs, and sometimes. indications of a third pair are visible. 

4. Abdominal ribs were well developed in the extinct Branchiosaurs. Such ribs 
appear in the myosepta of the M. rectus abdominis of Lecopelma, and traces 
occur in Bombina (Goette). Similar pieces of cartilage have been described in 
Necturus, but, according to Noble, in no urodele are they as well developed as in 
Leiopelma. 

5. Leiopelma and Ascaphus are more primitive than other Anura in that the adult. 
retains two tail-wagging muscles, the pyriformis and caudali-pubo-ischio- 
tibialis, although the tail has disappeared. (Noble, 1931.) 

6. Posterior cardinal veins are present in the larvae of frogs and urodeles. In the adult. 
Leiopelma, Ascaphus and Bombina, as well as in some adult urodeles, both 
posterior cardinal veins and the posterior vena cava occur together. The 
posterior cardinal veins of the adult Letopelma are very well developed. 


The above are some of the more important primitive characters of Leiopelma and. 
Ascaphus and in many of them the two frogs show a close relationship to urodeles. 
Furthermore, many morphological characters previously considered to separate the 
Urodela from the Anura are now found not to apply to these primitive genera. Their 
anatomical relationships lend no support to the opinions advanced by Wintrebert. 
(1922), Holmgren (1933, 1939), Save-Séderbergh (1934, 1936) and Herre (1935) and 
recently upheld by Jarvik (1942) that Urodeles and Anurans have arisen independently 
of each other. For example, differences in the connections between the quadrate and 
the neurocranium in Urodela and in Anura seemed to demonstrate a gap which is now 
bridged by Ascaphus (Pusey, 1938, 1943) and by Letopelma. The separation of the 
nasal capsules and the presence of an ethmoidal region of the cranial cavity in Leiopelma 
provides a condition intermediate between the two orders. The course of the hyoman- 
dibular nerve in Leiopelma displays relationships more comparable to those pertaining 

-to Urodela than to Anura. 

But it is not only in many details of its adult anatomy that Leiopelma resembles 
urodeles ; there are also striking resemblances in its development. The similarity is 
well shown by summarizing the developmental features and comparing them with those 
of urodeles laying large yolky eggs that undergo lengthy intracapsular development 


either in water or on land. 


In Leiopelma : 

Eggs are large and unpigmented (approximately 5 mm. in capsular diameter). 

. Intracapsular development on land continues for about 6 weeks. 

. Eggs are laid in a cluster (2-8) under moss-covered stones and logs. 

. The eggs are brooded and are guarded by the male. 

. Intracapsular movements occur and the intracapsular embryo is capable of 
vigorous rotation by muscular movement. A considerable accumulation of 
liquid early appears about the embryo and continues to Increase In amount, 
distending the egg capsule until, just before hatching, the capsular diameter is 


about 1 cm. 


6. A gular fold is developed. 
He mie time of hatching the embryo measures 17-19mm. (In Ascaphus, intra- 


' capsular development proceeds in water for a month and at the time of hatching 
the larva measures about 13-5 mm. total length.) ; 
8. At the time of hatching there is a considerable amount of yolk in the intestine. 
This yolk gradually diminishes in amount, but is still evident even one month 
9. Paeanie ths time of hatching is still ventrally placed. It gradually assumes 
4 more terminal position as the yolk disappears. 
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10. External gills are not developed but the tail, though muscular and not expanded, 
is vascular, and conspicuous blood vessels extend over the ventral body wall. 
At the time of hatching, the lungs are not well developed and it is clear that 
some time lapses before pulmonary respiration becomes effective. ; 

11. Internal gills are not developed, but visceral clefts open into a deep branchial 
groove between the gular fold in front and the ventral body wall behind. In 
the intracapsular embryo, four clefts on each side open into this groove. After 
hatching, the clefts, fold and groove disappear. sine’ 

12. Hatching occurs in late spring and in the subsequent weeks the tail is gradually 
reduced. It has usually disappeared at the end of amonth. With the loss of 
the tail, the reduction of yolk, and the change in mouth position, the tailed 
froglet assumes the adult form. 


Tn Cryptobranchus alleghenensis (Smith, 1912), a primitive urodele which lays its 
eggs in water :— 


. Eggs are large and unpigmented. 

. Intracapsular development continues for six weeks before hatching occurs. 

. Eggs are fastened together like a string of beads. 

. Brooding habits are exhibited and the male guards the eggs. 

. Intracapsular movements occur at first through ciliation (before the tail is 
developed) and later by muscular movements. 

6. A gular fold is developed. 

7. The newly hatched larva measures about 23-25 mm. 

8. At the time of hatching the embryo retains sufficient yolk to last it for several 
months. So far as yolk-retention is concerned, Smith (1912) regards the young 
Cryptobranchus as an embryo rather than a larva. 

9. The mouth at the time of hatching is still ventrally situated; it gradually assumes 
a terminal position as the yolk disappears. 

10. Conspicuous blood vessels extend over the yolk sac of the newly hatched larva. 
Respiration is not only by external gills, but also by capillaries lying close to 
the surface all over the body. The tail may be of special importance as a 
respiratory organ. 

11. Internal gills are not developed, as is the case in all urodeles, but three gill openings 
are present in the larva. 

12. Metamorphosis takes place at the end of the second-year. 


In the American Dusky Salamander, Desmognathus fuscus (Wilder, 1913, 1917), a 
species which lays its eggs on land :— 


. Eggs are large, creamy white and unpigmented (3-5—4-0 mm. in diameter). 
. Intracapsular development (on land) continues for about 5 weeks. 

. Eggs are laid in a small batch of 20. 

. Brooding habits are exhibited, the eggs being guarded by the female. 


. Intracapsular movements occur and after the 13th or 14th day the embryo begins 
to make spontaneous movements. 


. A gular fold is developed. 

. The newly hatched larva measures approximately 15 mm. 

. There is a considerable amount of yolk in the intestine at the time of hatching. 

. A considerable accumulation of liquid early appears about the intracapsular 
embryo and continues to increase in amount, distending the egg envelopes. 


10. Apart from external gills, which develop as early as the 16th day, blood vessels 
extend conspicuously over the yolk. 


11. Internal gills are not developed, as in all urodeles, 
anterior being just posterior to the gular fold. 
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12. For approximately two weeks after hatching the larva remains terrestrial, but then 
becomes aquatic. Thus, during the following autumn, winter and early spring 
it remains in moving water which does not freeze over. Metamorphosis occurs 
in the late spring and involves :— 

(a) Change in body proportions. 
(b) The median fin atrophies and the tail develops a more rounded contour. 
(c) External gills disappear and the clefts close. 


There is also much similarity between the development of Leiopelma and that of the 
-anuran Eleutherodactylus which has direct development. 
In Eleutherodactylus (Sampson, 1904 ; Lynn, 1942 ; Gitlin, 1944):— 
. Eggs are large and unpigmented. ; 
. Intracapsular development varies in different species, but in H. nubicola (Lynn) 
occupies 26 days. 
In E. nubicola, 26-66 eggs are laid in a cluster. 
In Z. nubicola, females with spent: ovaries and enlarged oviducts remain with the 
eggs. 
5. Rotation of the embryo of EL. portoricensis has been described by Gitlin. 
6. Dermal folds in gular region, which disappear before hatching, are described. 
Z 
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. E. martinicensis measures 23 mm. at hatching (Sampson). 

. In this species also, Sampson states that the yolk holds the same relationships to 
the digestive tract as it does in other yolk-laden amphibian eggs such as those of 
urodeles and caecilians. There is a considerable amount of yolk present at the 
time of hatching, but the frog may start to feed before this yolk is entirely 
absorbed. 

9. Usually external gills are not developed, but transitory external gills are stated by 
Noble (1927) to be present in two West Indian species. 
10. Internal gills are not developed. 
11. Visceral pouches appear in intracapsular development, but these never become 
open clefts. 
12. The tail is characterized by the fact that it is very flat and leaf-like and is clearly a 
vascular organ with respiratory function. 


The above indicates many points of similarity between the development of urodeles 
_and that of frogs in which there is direct development. Urodeles in general have a 
fairly direct development and little transformation is required to change the larva into | 
anadult. With frogs, development is typically indirect and the free living tadpole may 
be extremely specialized in adaptation to its environment. A natural correlative is 
this: the greater the degree of larval specialization in the tadpole, the more striking is 
‘the anuran metamorphosis. Ascaphus truet, with its large eggs, lengthy period of 
intracapsular development in water, followed by a free-living mountain brook tadpole 
stage, seems to bridge the gap between direct and indirect development among 
Amphibia. 
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Part I. INTRODUCTION. 


The species, Jassa falcata, which is discussed in this paper appears to be the 
most widely distributed of all the Amphipoda. Cosmopolitan in range, it has been 
recorded from all parts of the world. It has also the added distinction that, since 
its establishment by Montagu in 1808, it has caused carcinologists more difficulty 
in identification than any other amphipod species. This difficulty is mainly due to 
the diversity of form in the growth-stages of the male, in the posterior antennae 
and the posterior gnathopods, and most particularly in the shape of the gnathopod 
hand, a diversity so pronounced as to have led to these stages having been described 
under thirteen different genera (see p. 47) and about thirty different specific names. 

The suggestion has been made that the wide distribution of Jassa falcata is due 
to its dispersal by ships, and there is much evidence for this view. It is well known 
that the species-habit is to attach itself to any floating object, such as the buoys 


* The cost of illustration has been partly met by a grant from the Westwood Fund. 


30 E. W. SEXTON AND D. M. REID: THE LIFE-HISTORY OF 


moored around the coast, for instance, and the bottoms of any ships anchored in. 
harbour. On reaching such positions the animals immediately begin constructing 
-their ‘nests’ amongst the algal growth on the ship and these, soon collecting the 
mud and sand held in suspension by the water, afford fresh foothold for more algae 

and hydroids, and the dense shelter thus provided enables the Jassa colonies to 

increase in immense numbers. It can be seen how in the different ports of call, 

groups of the animals would swim away and establish fresh colonies. 


DESCRIPTION OF Jassa falcata. 


The type specimen of this species was taken by Colonel Montagu at Torcross 
on the South Devon coast, and was described by him in 1808, in vol. 9 of the 
Transactions of the Linnean Society, as a new species of Cancer, under the name of 
Cancer (Gammarus) falcatus (p. 100), or as Cancer falcatus (p. 114). His description 
is as follows :— 


“ Cancer Gammarus falcatus Tab. V. Fig. 2. 

“ Body slender, with twelve smooth compressed joints nearly destitute of gloss : 
antennae four, ciliated with hair beneath; the lower pair extremely large, and 
nearly as long as the body : eyes small : arms four : hands of the hinder pair very 
large, oblong and sub-chelate, furnished with two spines on the inner edge ; fangs 
falciform, with one tooth ; the fore pair of arms and hands extremely small, scarcely 
visible by a common pocket lens, and might be considered as palpi, were it not for 
their situation : legs ten, hirsute, the two anterior pairs very short, slender, and 
usually drawn up and concealed by the plates of the body : the other legs moderately 
large ; thighs broad and flat : caudal fins three pairs, subulate. 

Length five lines. 

Colour crimson, or mottled with a mixture of white ; antennae marked the same. 

This curious and rare species inhabits the deep amongst Sertularia and Algae,. 
and has only been taken by dredging at Torcross”’. 

Montagu’s type specimen is fortunately still preserved in the British Museum, 
fortunately because by its aid it is now possible to determine the true identity of the. 
species, and so to end the age-long controversy on the subject. The course of this 
controversy is traced in the review of the bibliography, pp. 48-87. 

The type specimen is preserved dry, but in spite of that disadvantage with the: 
resultant brittleness and shrinkage of tissue, Dr. J. P. Harding has made an 
excellent and clearly defined photograph of its principal distinguishing character, 
the second gnathopod (PI. 4, fig. 1). Montagu’s original figure is also reproduced 
here (PI. 4, fig. 1) by kind permission of the Linnean Society, and a comparison of 
the two shows at once how misleading his account and figure were and how 
impossible it would prove for later workers to identify this species from them. 

Before describing the various forms which occur in Jassa falcata, a brief account 
must be given of the general characteristics of the species. At a glance these seem 
clear enough, but when one comes to examine them more closely, the full extent 
and extraordinary range of the variation open up and the difficulty arises of finding 
any characters sufficiently ‘constant’ through all the developmental stages to be 
relied on in establishing specific distinctions. To take, for instance, a character- 
used by many authors in separating species, viz., the comparative length and 
proportions of the joints* of the two pairs of antennae—in Jassa falcata they are 
modified by growth and sex throughout life. In the newly-hatched young they are 
about equal in length and slenderness ; in the adult female, the 1st antenna is shorter 
and much more slender than the 2nd ; while in the full-grown male the 1st antenna 
is much the shorter, barely reaching to the distal end of the peduncle of the 2nd, and 
the 2nd antenna has developed into a strong broad pediform appendage. 


Throughout, the author S use oint Ww here segme: t e more corre t ie 
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It might be said that a description of the characters of the adult full-grown: 
animals would suffice for their specific determination, but here we meet with the 
greatest difficulty of all in this species. . These animals become sexually mature and 
breed long before they reach the maximum species-size, and the differences in the 
large and small males and the varied forms of the 2nd gnathopod hand correlated 
with the differences in the antennae make it hard to credit the fact that they all 
belong to only one species (see Pls. 6-29). 

The Jassa problem can never be satisfactorily solved until we obtain a better 
knowledge of the life-history and the sequence of the developmental stages and this, 
it is evident, can only be effected by a continuance of breeding experiments. Those 
carried out in the Laboratory in 1928-30, have cleared up some of the confusion, 
but much work still remains to be done, particularly on the ultimate development 
of the small breeding males, and the breeding ‘ intersexes’, and their offspring. 
Jassa falcata is a hardy species, living well and multiplying rapidly in captivity when 
kept as nearly as possible in ‘ natural conditions’. It belongs to the nest-building 
section of the Amphipoda, and the first of the conditions required is a substratum 
of mud or sand, with small stones and seaweeds on which the animals can construct 
their shelters, or so-called ‘ nests ’. ; 

In the Laboratory experiments the animals were kept in finger-bowls, a pair to 
a bowl, with sufficient material provided for their requirements. With this, they 
at once set to work to build, using the secretion from the cement-glands in their 
Ist and 2nd peraeopods (see p. 33). The shape of the nest depends on its position 
but it is usually tubular and open at both ends. A great deal of movement goes. 
on in and around the nests, and moulting and even matings have been noted as 
taking place inside. The females and immature appear to use them as shelters, 
not moving very far from the colony ; the males are more active, climbing over the 
weed and swimming about. 

In these circumstances it is almost impossible to keep any close observation on 
their movements, or to note the exact times of the moultings, oviposition, and 
extrusion of the young from the incubatory pouch, or even the exact number of 
young extruded owing to their transparency and minute size (about 0-3 of a millimetre 
in length.) In addition to this is their habit of swimming away at once from the 
family nest and building nests for themselves. One brood under observation was 
seen to swim up to the surface, where many settled on the higher branches of the 
algae and numbers of the others made their nests against the glass, at the water’s 
edge. Twenty-one were counted in a line, side by side, each having made a flat 
transparent coverlet for itself, open top and bottom and attached to the glass along 
the sides. In these, the young animals moved about with great agility, frequently 
pushing their heads out at the top while holding on with their gnathopods to the 
edge of the coverlet, and now and then suddenly reversing and shooting out at the 
bottom. 

In the breeding-experiments an endeavour was always made to collect all the 
members of a brood as soon as extruded, into another bowl, and then as they became 
mature to take out into separate bowls the pairs as they mated, and examine them 
daily for developments. Another method tried on a large scale was to collect a 
number of young stages from a dredging and set them out in the same way to watch 
for moults. 


THE GENERAL CHARACTERS OF THE SPECIES. 


The general characters common to all members of this species have been 
described in great detail by many writers ; amongst others by Hoek 1879, Nebeski 
1880 and Sars 1894, under the name of Podocerus falcatus (Mont.): by Stebbing 1906 
as Jassa pulchella Leach: and by Chevreux and Fage 1925 as Jassa falcata (Mont.), 
(but with one of the young male forms attributed through a misapprehension to. 
Czerniavski’s species dentex): but none of the authors recognized the multiform 
character of the species, nor were they aware of the fact that in the Amphipoda 
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sexual maturity is reached at about half growth, before the fully adult characters are 
developed. 

The diversity of form in the species. In every representative collection of Jassa fal- 
cata large and small males are found, the large ones with the characteristic long stout 
thumb on the hand of the 2nd gnathopod, the small ones, also sexually mature 
though only half the size, with the hands showing great diversity in the development 
and shape of the thumb. 

These are the forms which have given rise to most of the confusion in the past, 
some of them having been regarded as the immature of other species, but the majority 
as distinct and separate species. For instance Sars (1894, Pl. 212) described and 
figured one of these forms as the ‘ not yet sexually developed male ’ of falcata with 
a short digitiform projection in the middle of the palm; and another (of the same 
species but with a different shape thumb and claw) as a new species under the name 
of Podocerus odontonyx (Pl. 213). Both these forms, however, with others occurred — 
together in one brood in the breeding experiments in the Laboratory (see Pls. 18 & 19, 
figs. 12a & 13a). Without the evidence from the experiments it would have 
been impossible to prove that all this variation could occur in one species. 

The general characters of the species common to alll its members have been well 
described by the authors quoted above. Briefly summed up they are as follows :— 

Body, in the female broadly rounded over the back ; in the male, more slender 
and compressed. 

Head, lateral lobes small, rounded, prominent. 

Sideplates, 1st pair angularly produced forward ; the 2nd pair form one of the 
distinguishing characters of the species ; they are broader than deep, but with the 
anterior margin short, much shorter in fact than the posterior margin of the 
preceding sideplate, only about half its length in the full-grown males. With age 
the inferior margin of sideplate 2 stiffens and rises in an upward curve. ‘This peculiar 
shape, aided by the colour-pattern gives a curious decapitated appearance to the 
living animal; the head and Ist peraeon-segment and sideplates are invariably 
dark in colour ; the 2nd segment and sideplates light, the rest of the body mottled 
with dark patches on a light ground, and the whole effect such that at a cursory 
glance the eye is caught by the light transverse anterior line of the 2nd segment, 
while the dark head and Ist segment are indistinguishable against the same dark 
colour of the background. This feature is easily discernible, even in the young in 
the incubatory pouch ; sideplates 3 and 4 longer than the 2nd and 5th. 

Epimera, 3rd pair quadrate, with a minute dentiform projection at the infero- 
posterior angle. 

Eyes small, round, prominent, pigment dark. 

Antennae, in the newly-hatched young Ant.1 and Ant.2 are equal in length ; 
in the adult female Ant.1 is the shorter ; while in the adult male there is a very 
considerable difference, Ant.2 being much longer and stouter than the other. Ant.1 
is rather slender, the Ist peduncle-joint short, the 2nd longer, the 3rd nearly as 
long as the 2nd ; primary flagellum scarcely half the length of the peduncle ; accessory 
flagellum very small. Ant.2, the 5th peduncle-joint is slightly longer than the 4th 
and longer also than the flagellum. The flagellum is armed with curved hook-like 
spines on the under margins of the joints, the longest pair inset at the tip of the 
rudimentary apical joint. ‘These antennae are frequently described as ‘ pediform ’ 
through the animals’ habit of hooking themselves along by them when climbing 
about amongst the seaweed. 

Ant. 2 is one of the specific characters most modified by growth and sex, a 
to be of at least two forms, called here the Narrow iat a Broad eae b full 
description of which see pp. 33-37. 

Gnathopods, gnath. 1 sub-chelate ; 6th joint or hand oval, palm long, straight, 
oblique, defined by an obtuse angle carrying three palmar spines. Gnath. 2, in the 
female, much larger than gnath. 1; hand irregularly oval, palm long excavate 
defined distally by an acute tooth-like triangul jectior inge, 

gular projection near the claw-hinge, 


THE MULTIFORM SPECIES JASSA FALCATA 33 


and proximally by two prominences, the second of which is beset by a cluster of short 
stout spines, usually three in number, among which the tip of the long serrulate claw 
impinges ; hind margin very short. The cluster of short spines at the palmar angle 
is a feature which is found also in some of the young male growth-stages but never 
in the fully adult males (cf. Pls. 13 & 14, spec. 8 a, b & c). 

Gnath. 2 in the male is considerably larger and differs greatly in structure from 
that of the female ; the 4th and 5th joints are small: the 6th very large, the palm 
long, straight, almost parallel to the anterior margin, with the strong distal projection 
near the claw-hinge, bifid (or sometimes tri-lobed); and with a long spur-like process 
rising from the base of the hand, and turned towards the palm, the so-called 
‘thumb ’ ; the claw is long and curved with the inner margin minutely denticulate. 

Like the antennae, the gnathopods fall into two definite forms the Narrow and 
the Broad (see pp. 36 and 37). 

Peraeopods, 1st and 2nd comparatively short and stout, the basal joint somewhat 
expanded and carrying the cement-glands which open on the inner margin of the 
claw ; 4th joint considerably widened anteriorly ; the three hinder peraeopods 
rather robust, successively longer, basal joints expanded, oval, hinder angles free, 
produced in a rounded lobe. 

Uropods, Ist and 2nd, outer ramus shorter than the inner ; uropod 3, peduncle 
stout, much longer than the rami; outer ramus ending in a strong hooked spine, 
usually with two denticles on the upper distal margin ; inner ramus straight, tipped 
with a straight spine. 

Telson very small, triangular in shape, with two setae on each side of the acute 
apex. 

‘ The five pairs of gills are attached to the second gnathopods and to each of the 
first four pairs of peraeopods; they are of moderate size, the first pair on the 
gnathopods very small, especially in the fully adult male, the longest on the 
2nd peraeopods. 

The wmcubatory-pouch of the female is made up of four pairs of brood-plates 
attached, like the gills, to the second gnathopods and 1-3 peraeopods. Considering 
the size of the animal, they are unusually large and are thickly fringed with very 
long flexible hairs which interlace so tightly that even the act of moulting does not 
always avail to disentangle them, and the pouch is consequently frequently found 
sloughed off as a whole. ‘he eggs are small, and, as might be expected from the 
size of the pouch, very numerous. One female, brought in from outside, had begun 
to extrude but had 104 eggs still left ; another medium sized specimen had 180 just 
deposited. 


Tue VARIETY OF Forms IN Jassa falcata (Mont.) 


As far as our present knowledge of this species goes, there appear to be two definite 
main lines of development which follow the same sequence of growth-stages, but are 
distinguished by different types of setation, and by different modifications of certain 
of the secondary sexual characters. 

These differences are most marked in the males, which undergo great changes 
_-at sexual maturity, particularly in the posterior antennae and the second gnathopods ; 
they are not so obvious in the female, being chiefly noticeable in the posterior 

C- 
Betis following pages, the lines of development are referred to as the Broad and 
the Narrow Forms, and it must be noted that all the members of the species belong 
to one or the other of these forms. 

Each main line of development comprises, besides several Minor Forms or 
variants, one large Major Form which-we have taken as the normal type of that 
division, embodying all its distinctive characters. We have therefore figured the 
fully developed males of the Major Forms as the typical representatives of the two 
divisions, the Narrow and the Broad. The figures show the apparent remarkable 
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but that they are one and the same species and can 


disparity between them, 
iving young has been proved in the Laboratory breeding 


interbreed and produce | 
experiments. 

They may be briefly characterized as follows :— 

In the Narrow’Form (Pls. 6-9, spec. 1) the flagellum joints of the posterior 
antenna are slender and distinct, without plumose hairs , second gnathopod, hand and 
thumb narrow, basal joint with no bristle-row. 

In the Broad Form (Pls. 13 & 14, spec. 8) the flagellum of the posterior antenna 
is stout and swollen, the joints fused more or less, and carrying dense tufts of plumose 
hairs ; second gnathopod, hand and thumb broad and swollen, with plumose tufts, 
and with a row of stiff curved bristles on the anterior margin of the basal joint. 

There is another large form (Pls. 27-29, spec. 18) the proper position of which 
has not yet been fully determined owing to lack of living material. It reaches the 
largest size of any Jassa hitherto found, Pfeffer’s type-specimen (‘ ingens ’) measures 
26 mm. as compared with the 10-mm. length of the animals in the Northern seas. 
It appears in some way to combine the distinguishing features of the two divisions, 
having, in the posterior antenna, the distinct joints of the Narrow Form, and the 
plumose tufts of the Broad, with the gnathopod hand of one or the other Major Form 
(see p. 46). Meantime it is referred to as the Large Polar Form. 

The Variants or Minor Forms referred to above are represented in both divisions 
but differ from the Forms just described in their small size and in the diverse shapes 
of the second gnathopod hands (see pp. 38-44 and Pls. 12-26). 

The results of the work as far as it has gone are described below but much still 
remains to be done. We have no evidence as yet as to what forms of young are 
produced by the matings between Narrow and Broad Forms, since those obtained by 
such matings in the Laboratory breeding experiments did not survive to maturity 
Nor have we any evidence about the breeding in the wild, whether it is selective 
or whether the different forms interbreed freely. Nor do we know the reasons for 
the prevalence of one Form over the other at different times, even in collections from 
the same locality. To take an example, in 1942 on 16 June a large number of Jassa 
falcata was brought into the Laboratory from a raft anchored near the Breakwater 
in Plymouth Sound. The majority of these were of the Broad-Form. In July of 
the following year another ‘ scraping’ from the same place was examined, and in 
that the Narrow-Form predominated. A month later (10 August 1943) another 
very large scraping, consisting of nests and weed and masses of animals, ‘was taken 
and brought in to be examined. Both Forms were found in almost equal proportions 
The collection differed markedly from any previous one in that Albinos in considerable 
numbers were seen for the first time, in both Forms and of all sizes, from the largest 
adults to the newly extruded young. Unfortunately, owing to the War, no facilities 
for investigating the genetical constitution were available at the Laboratory and the 
opportunity was lost. 


The Species Colowr-pattern. 


In addition to the differences in the second antennae and the second gnath 
of the Forms described below, there is usually a difference in the ose i S 
the colour-pattern which is identical in all, from the newly-hatched to the oldest 
individual, but in the depth of tone and the density of the pigment. The ground- 
colour generally speaking is light varying from bright yellowish or white to a pale 
buff or gray according to the habitat. The specimens found on brightly coloured 
growths such as Ceramium, show the tints intensified, the ground-colour yellow 
tea pattern in x vivid red-brown or dark red pigment, while those living on 
dark algae or on mud or sand are dull in colour with the pi t : 
became itr a pigment of the pattern dark 

The males are always more strikingly coloured than the females, prob 

. . . . y abl b 

sone Ses ee of life. They crawl and swim actively in Am pS 
colony, while the females, much darker in colour, seem to avoid the li 
more under the seaweed and near the nests. > PBR REDE IRR 
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The pigmentation appears to be in a measure under the animals’ control, judging 
by some observations made on the variation of colour during life. To take an 
instance :—an unusually bright-coloured female, J II (Pl. 10, spec. 4) was brought 
in from the open on 11 May 1928, and placed in a finger-bowl with Laminaria and 
Ulva, for daily observation. It moulted four days later, and it was then noted that 
the dark pigment of the colour-pattern was plainly marked on the under surface 
of the cast skin, and that the animal emerging from the moult was pale, with the 
pattern only faintly indicated. Later on, more material, such as dead leaves, was 
added for shelter. On 20 May the colour was again noted as ‘ very pale’, but on 
23 May the entry was made ‘ dark ; colour of the brown leaf’ under which it had made 
its nest, i.e. dark brown, not its former bright tint, and this dark brown and grey, 
the usual female coloration, it retained through three more moults until it was 
eaten by its mate on 8 July. : 

The colour-pattern (Pl. 17, spec. 11 (1) ) is formed by spots and stellate markings 
densely crowded together in bands and patches, much more densely in the Broad- 
Form than in the Narrow. In the latter, the animals generally look much paler, 
not so much because the spots are fewer, but because they are smaller and there is 
only a thin scattering of the larger markings. In preservatives the red and yellow 
pigments soon vanish, but the dark brown or black remains unchanged for years 
and can be clearly seen even in dried specimens as witness Montagu’s original type 
(1808) still preserved in the British Museum. 

The ‘ Albinos ’ referred to above were perfectly white, with no vestige of colour. 


I. THE MAJOR FORMS: 


A. The Narrow Form of Jassa falcata (Mont.). 


The Broad- and Narrow-Forms are so named because of the different development 
of their two principal characters, the second antennae and the second gnathopods. 
~ In the Narrow Form, the antennae are slender, the flagellar joints distinct, and 
the gnathopod hands are thin and narrow. Antenna | in the full grown ¢ (PI. 6, 
spec. 1 A) is much the shorter of the two, reaching only to about the end of the 
peduncle of antenna 2. The 2nd joint of the peduncle is the longest, the 1st measuring 
about two-thirds its length, and the 3rd midway in length between the two, shorter 
than the 2nd and longer than the Ist. Bh 
The primary flagellum is short, no longer than the 2nd joint of the peduncle, and 
is composed of eight or nine distinct joints in the fully adult, the Ist of which is as 
long as the next three taken together; the accessory flagellum is very small, 
1-jointed. it 
Each joint of the peduncle carries, on the posterior margin, a row of stiff 
- outstanding lightly curved bristles, sparsely feathered, and graduated in length 
from rather short proximally to four times as long distally. The flagellum also 
bears a graduated series of these bristles inset in clusters at the distal posterior 
angle of each joint, each cluster consisting of two bristles, and two long sensory 
filaments (see p. 62 ‘batonnets hyalins,’ and * Riechzapfen’). The Ist joint 
“carries several clusters, the number increasing with age. 

Antenna 2 (Pl. 6, spec. 1 B) is much longer and stouter than Ant. 1. The 
5th joint of the peduncle is longer than the 4th, and about a third as long again as 
the flagellum, in the old males. The setation is very different from that of the 
Broad-Form. Peduncle-joint'3 carries on its posterior margin a row of seven of the 
stiff outstanding sparsely feathered bristles, rather short, the middle one the longest ; 
joint 4 has nine of these inset, the middle one the longest, whilst joint 5 also has. 
nine inset and a distal cluster of the small sensory setae ; the under surface of both 
these joints 4 and 5 is furnished with a second parallel row of the stiff bristles. 

The flagellum is short, terminating in a rudimentary joint, which remains 
unchanged through life: it is tipped with the longest pair of the hooked spines 

3% 
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(characteristic of this appendage) and some strong setiform bristles. There are 
six distinct and well-defined joints in addition to the apical one, the Ist the longest. 
Each joint carries a few short sensory setae and a pair of hooked spines at the distal 
posterior angle, and one midway on the margin (two or three on joint 1) ; that is, 
more hooked spines, and much fewer setae than the Broad-Form. 

In the female (PI. 10, spec. 2a & b) antenna 2 is very different from that of the 
male, both in the proportions of the joints and in the sensory armature. It isnot much 
longer than Ant.1,; the-flagellum is rather longer in proportion, nearly equalling 
peduncle-joint 5 in length. The posterior margins of joints 3, 4 and 5 bear graduated 
rows of the sparsely feathered stiff bristles as in Ant.1, the flagellum carries only 
tufts of setae and fewer hooked-spines than in the male. The figures given (PI. 10, 
spec. 2c & d) show their relative proportions and sensory equipment. It must be 
noted that the number of the flagellum-joints and of the clusters of bristles and setae 
increase with growth and age. ; 

The second gnathopod is the other specific character most modified at maturity. 
In the old males (Pl. 7, spec. 1 D) the margins of the 2nd or basal joint of this 
appendage are practically glabrous with only a few microscopic setules anteriorly ; 
the distal anterior angles of both the basal joint and the next (3rd) are expanded 
and produced forward. The hand is long, narrow and slender ; the palmar margin 
straight, extending nearly the whole length of the hand, defined distally by an acute 
bifid projection near the claw-hinge ; and proximally by a long narrow pointed 
process, called the ‘thumb’. Along three-quarters of the distal length of the 
palm large tufts or clusters of plumose setae are spaced at intervals on either side, 
and four similar clusters are developed on the outer margin of the thumb, the number 
and length of the setae increasing towards the tip. 

The claw is strong and curved ; its inner margin is microscopically denticulate, 
sinuous, and, near the hinge, more or less produced in a hump, rounded in the young 
males, but projecting angularly in the full-grown animals (cf. Pl. 73, spec. 8 a, and 
Phe7sepecsl D). 

In the female, the second gnathopod is much stronger than the first. The hand 
is very different in shape and size from that of the male, considerably less than 
half its length in full-grown specimens (Pl. 10, spec. 2 e). It is irregularly oval, the 
excavate palm occupying the greater part of its length, and defined distally by an 
acute triangular projection near the claw-hinge; the palmar angle is produced 
forwards, with a rounded prominence below on which are inset three short stout 
spines and clusters of plumose setae, against which the tip of the claw impinges ; 
similar clusters of setae are spaced along the border of the palm, on either side. 

The figures illustrating the characteristic features of the Narrow-Form are taken 
from the following specimens :— 

The Male (Pls. 6-9, spec. 1) from a large full-grown animal J CCLX XIII 
which was brought in from Trinity Buoy, Plymouth Docks on 14 May 1928 To 
test if the two Forms would interbreed and so establish their specific identity the 
male was tried with a Broad-Form female from the same dredging. Mating took 
place and the female moulted and laid eggs on 20 May. Living young were extruded 
on 2 June, and this afforded proof that the two Forms belong to the same species.* 

The female (Pl. 10, spec. 2). The specimen, J CXLIV, taken to illustrate the 
normal female of the Narrow-Form, though not full-grown was sexually mature 
and ovigerous when brought in on 23 August 1928, in a dredging from a buoy at the 
entrance to Plymouth Docks. It was selected because of the presence in its brood 
of some of the diverse Minor male forms previously described by various authors 
as separate species, quite distinct from falcata. The male parent was not known 
but both Forms were represented in the dredging. _ 


* As the authors imply on p. 34, one such mating under laborat iti 
4 . or 
prove that the two forms mate in the wild; nor that they necessarily Shee ee aie 
species. None of the young survived to reach sexual maturity. I.G, ee 
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Experimental Results. The brood, J 5, extruded 30 August, was left in the brood- 
bowl to reach maturity but owing to adverse conditions only nine survived to this 
stage and died without offspring. The survivors were as follows :—Six males, all 
of Narrow-Form, representing three of the Minor-Forms referred to above, only 
half the size of the Major-Forms but sexually mature. They consisted of :— 

Four of the Cur-across sTaas, one of which is figured (Pl. 12, spec. 7c and p. 38). 

One SHort TRUNCATE THUMB WITH THE HuMPED CLaw, the same as Montagu’s 
type falcatus (Pl. 18, spec. 12 (1) a and p. 42) and 

One INTERMEDIATE SHORT PornteD THuMs (PI. 19, spec. 13 (1) a and p. 48). 

Three females, typical normal Narrow-Form, exactly like the female parent, 
with fully developed brood-plates: one 3-5 mm. long, dead 4 December, and 
one 4:5 mm., dead 21 December, had the same number of bristle-clusters on the 
peduncles of the antennae, and the same number of setae on the flagella 

(6-jointed in Ant.1; 4-jtd. Ant.2) the third 4:5 mm., dead 8 December, had 

developed another joint on the right side of the Ist antenna. 

It was noted that the colour was pale and that most of the offspring were lightly 
sprinkled with spots of dark pigment. 


B. The Normal Broad Form of Jassa falcata (Mont.). 


The term Broad applied to this Form draws attention to the contrast between 
the broad and swollen aspect of the one and the thin and narrow appearance of the 
other or Narrow-Form, as displayed particularly in the second antenna and the 
second gnathopods. 

There is no real difference in size between the full-grown animals of the two 
Major Forms, although the Broad, owing to its thick setation, may look the larger. 

In the young 4, adult but not full-grown (Pl. 11, spec. 3 a-d), the second antenna 
is one of the most striking distinguishing features of this form. The whole flagellum 
is greatly swollen with the proximal joints more or less fused or coalesced, leaving 
only one or two of the terminal joints distinct. This in itself would be sufficient 
to separate the two Forms in question, but there is another important difference in 
their appearance, and that is the setation. In the Narrow-Form the second antenna 
could be described as bare, and only scantily setose, but with many hooked spines on 
the flagellum. In the Broad-Form it is densely setose and carries fewer spines ; 
the distal third of the 5th peduncle-joint and the proximal portion of the flagellum 
are covered posteriorly with thick dense tufts or clusters of plumose hairs (Pl. 11, 
fig. 3b). The hairs are present in both sexes, but are almost entirely lacking in the 
Narrow-Form (cf. Pl. 10, spec. 2a & 6 with spec. 4a & 6). 

With regard to the flagella it not infrequently happens that more of the joints 
are fused on one side than on the other. (The rudimentary apex is not included in 
the count.) To take an example, 9 J XCIX, used here to illustrate the normal 
Broad-Form, had a 2-jointed flagellum on the left side, and a 3-jointed one on the 
right. This inequality was traced through ten moults, after the last of which a third 
joint division was clearly seen on the left also. T'wo consecutive moults are figured 
to show the setation and the proportions of the joints (Pl. 12, spec. 5 6 & d). 

In the second gnathopod of the young normal male, J XCIX (Pl. 11, spec. 3 ¢), 
the hand is similarly swollen and has a few of the plumose tufts on each side of the 
distal end of the palm. The thumb is long, broad and swollen, with the tip truncate 
or slightly slanting. It carries three of the plumose tufts on its outer margin, but 
none is developed on the hind margin, and the spine-group also has disappeared. 
The appendage is also characterized by a row of stiff sparsely feathered setiform 
pristles on the anterior margin of the 2nd or basal joint, a feature which is entirely 
lacking in the Narrow-Form. f 

In the female the hand is swollen (PI. 12, spec. 5 e), but being no longer than that 
of the Narrow-Form (Pl. 20, spec. 2 e) the difference is not very obvious. The hand 
of an older full-grown female is figured (Pl. 10, spec. 6) to show more clearly the 


setation of the palm. 
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The young pair, J XCIX, although not long mature, and not nearly full-grown, 
have been taken to illustrate the Broad-Form because of the fact that while they 
themselves were typically normal in appearance yet they produced young of a form 
hitherto unknown in the Jassidae, viz., the breeding MALE InTERSEX (Pls. 22-26, 
specs. 15, 16 and 17). 

The male and female were brought into the Laboratory on 12 June 1928 and were 
put together in a finger-bowl on 24 July, but it was another month before the female 
was mature enough to mate. She moulted and laid eggs on 30 August, and the 
young hatched out on 9 September, but did not survive to maturity. Mating, 
moulting and oviposition again took place, the young were hatched and extruded 
Brood J 14, described below (p. 45). The male died on 26 September ; the female 
lived for another four months moulting at regular intervals. 


Il. THE MINOR FORMS. 


The two Major-Forms, Broad and Narrow, are clearly defined, but there remains 
a large number of much smaller male forms which, while showing the general 
characters and setation of one or other of these Forms, yet differ widely from them 
in appearance particularly in the development of the second gnathopod (the 
Minor-Forms). That they are all specifically identical has been proved by breeding 
experiments, but the variation is so extreme that without this evidence, it would 
have been impossible to have recognized and included them in the one species, 
Jassa falcata (Mont.). They are in fact the primary cause of the confusion in the 
past, for, having been found sexually mature and breeding, they were considered, 
and naturally so, to be distinct species, and were described as such under many 
different names, e.g. Podocerus monodon, P. herdmani, P. odontonyx and so on. 

Some of these Minor variants, we now know, are the young developmental stages 
of the Normal Major Forms immediately preceding the appearance of the fully 
adult characters (see ¢.g. Pls. 13 & 14, spec. 8a, b & c), but there are others (as 
far as the work has gone) which would appear to be distinct and to keep their peculiar 
characteristics unchanged throughout life, but never to attain to a large size. They 
are as follows : 


A. The Cut-across Stages. 


The ‘ Cut-across’ is the name given to this growth-stage in the development of 
the young males. It refers to the second gnathopod hand, which differs widely 
from that of the full-grown adult of its particular Form. These specimens resemble 
the female both in general appearance and in size, and notably in the second 
gnathopod hand, in the shortness of the palm, the absence of the thumb, and the 
presence of the group of short stout spines inset on a prominence below the palmar 
angle. The palmar margin, however, is shorter in proportion to the hind margin 
than in the female, and the position of the developing thumb (a male character) is 
clearly indicated by the increased width of the hand at the end of the palm where 
the palmar angle suddenly juts out in a straight line, ending in a point. This is the 
form we call the Straight-Cut-across and which we know is a stage in the develop- 
ment of the Major Forms. 

Specimen 7c (Pl. 12) from Brood 5 (p. 37) illustrates this stage in the Narrow 
Form ; the flagella of the antennae are also figured for comparison with the other 
Forms (spec. 7a «& 6). 

Specimen 8 a-c (Pls. 13 & 14) from Brood 17, of the Broad Form pair, J CCLXXIV 
is very interesting in that it shows three consecutive developmental stages, and the 
remarkable increase, nearly a doubling in fact, of the size of the hand in a matter 
of only a few days. The young male figured (fig. 8 a) had been noted as a Cut-across 
with a very short palm. It moulted on 18 May 1929 into the next stage (fig. 8 b) 
which, as will be seen, is practically the same except for an increase in size and a 
stronger definition of the thumb base at the palmar angle. This Form (8 6) moulted 
a fortnight later, on 1 June, into the adult Broad Form (fig. 8 c), remarkably different. 
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from the preceding stages in nearly every feature. The palm has more than doubled 

its length ; the spine-group below the palmar angle has disappeared ; the thumb, 

long, broad. and swollen, has appeared ; and the claw has developed an angular 

scl ib on its inner margin. The specimen died on 10 June without moulting 
in. 

The flagellum of the second antenna in the three stages is figured (fig. 8 e, f & 9), 
to show the proportion of the joints and the spine development. The Ist peraeopod 
is also included to illustrate the increase in size between the moults and for com- 
parison with the other Forms. 

The Straight-Cut in the cases observed proved to be the sexually mature young 
stage of one or the other of the Major-Forms, but there is a second shape, the 
Sloping-Cut, which characterizes the young stages of the Minor-Forms. In the 
Straight-Cut, the line at the palmar angle runs straight from the end of the palm to 
the point of the angle ; in the Sloping-Cut, the line continues the sloping curve of the 
palm across the thumb-base to the point of the palmar angle (Pl. 15, spec. 9 a) ; 
the palm too is longer in proportion to the hind margin. 

There are differences in the shape of different Sloping-Cuts, each Minor Form 
having its own distinctive line (cf. Pls. 15 & 16, spec. 9a, 10a & ¢). 


B. The Intermediates. 


Under this heading we have classed the various small male forms which, while 
showing many of the characteristics of one or other of the Major Forms, Broad or 
Narrow, yet differ greatly from them in the shape of the second gnathopod hand 
and particularly in the reduction in the size of the thumb. 

These Forms are described below under the terms ‘ Truncate’ and ‘ Pointed ’ 
according to the shape of the apex of the thumb. The four following forms show the 
variation in the Truncate thumb :— 


B.1. The Constricted Truncate Thumb. 


The figures 9 a-d (Pl. 15) are drawn from a young male, J.30 a (0), from Brood 30 
(see below) F, of the Broad-Form 9 J CCLXII, extruded on 30 April 1929. 

‘his small Form is closely allied to the Major Broad-Form, but diverges from it 
more particularly in the structure of the second gnathopod. In this, the young 
Cut-across stage preceding the adult stage the Cut is sloping (fig. 9 a), not Straight 
as in the typical Major Forms ; and in the adult stage (fig. 9 d) the shape of the thumb 
is different and distinctive. The palm of the hand is long as in the Broad-Form 
animals, about three times the length of the hind-margin, and the thumb setting out 
at a wide angle from it is also long and broad, though not as long in proportion nor 
as swollen as in the Major-Forms ; its apex is truncate and drawn outwards in a 
subacute projection, which is accentuated by a constriction below the tip. As in 
the Broad Form, the first adult stage in this variant is very different from those 
preceding it ; the long thumb appears with three plumose tufts on its margin, the 
first just below the tip. There are none present on the hind-margin as in the 
preceding stage, and no spine-group (cf. figs. 9a & 9d). The under margin of the 
claw near the hinge is much produced in the older animals, the projection tending to 
» become angular with age (as in fig. 9 d). 

Both the flagella of antenna 1 were broken in this specimen ; those of antenna 2 
were typically Broad in character, rather longer than, but corresponding in all details 
with, the one figured in fig. 10d (PI. 16) taken from another member of the same 
brood (J.30), viz., the INTERMEDIATE TruNcATE THUMB. The moult from which the 
drawing of the Sloping-Cut was made (fig. 9a, b & c) was found on 6 J uly 1929 ; the 
animal died on 24 August. No other moults were seen after 6 July, although the bowl 
was examined daily, but it does not follow that because none was seen none took 
place. These animals eat their cast skins very shortly after ecdysis, and if that 
event should happen at night, as it frequently does, there would probably not be 
a vestige of the moult left by the morning. 
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Experimental Results. ‘The brood, J.30, from which this Form and the following 
one, the INTERMEDIATE TRUNCATE THUMB are figured, was extruded by a Broad-Form 
2, J CCLXITI (g unknown) between 30 April and 3 May 1929, two or three young 
being seen on 30 April, the rest when the female moulted on 3 May. 1 bei 

Nineteen young were picked out of the parent bowl on 13 May, of which sixteen 
survived to maturity, all of the Broad-Form. There was an extraordinary 
preponderance of males, fourteen in all, referable to five different Types, as 
follows :— 

(a) Three of the Mason Broap-ForM, as illustrated in Pls. 13 & 14, spec. 8, 
viZ., 

One (b.2) which died on 28 June, at the Straight-Cut stage (cf. fig. 8 a) ; 
flagellum of ant.1 6-jointed ; of ant.2 3-jointed and swollen : 

Another (6.3) dead on 9 August, was the largest and most developed of the 
brood. It had seven joints in the flagellum of ant.1; three joints in that of ant.2 ; 
the hand and thumb in the 2nd gnath. were broader and more swollen than 
shown in fig. 8d, the thumb with five plumose tufts on its outer margin ; the 
projection on the claw margin angular. The third specimen (a.2.2) died on 
28 September, a typical Major Broad-Form. 

(6) Four of the ConstricTED TrRuNcaTE Tuums, as follows :— 

One (a.b) figured in Pl. 15, spec. 9. Dead 24 August. 

One (a.2) dead 4 August, like the one figured. Ant.1 with six joints in the 
primary flagellum, one long and five small; ant.2 with the flagellum much 
swollen and only two joints distinct, the long fused 1st joint and one small 
terminal ; bristle-clusters short ; other details as in fig. 9. 

One (a.3) dead 19 August, like fig. 9, but rather larger and more developed ; 
e.g. there were four joints in the flagellum of ant.2, and four plumose tufts on 
the thumb of the 2nd gnathopod hand, 
and one (b.7) dead 31 August, well developed ; details as in fig. 9. 

(c) One INTERMEDIATE TRUNCATE THumB, Pl. 16, spec. 10, described on p. 41. 

(dq) One SHarPLy TRUNCATE THUMB as in Pl. 17, spec. 11. Small specimen (6.4) 
dead 6 August. Ant.1, 6-jointed flagellum, other details as in fig. 11. 

(e) Five InreRMEDIATE SHORT PornteD THuMB. 

Details in all five specimens like those figured in Pl. 20, spec. 14. Dates of 
deaths : 9 June, 12, 20 and 31 August and 8 September. 

In addition to these, F, young survived to maturity and proved to belong to the 
INTERMEDIATE SHARP PorntED Form. It had six joints in the flagellum of ant.1; 
four joints in ant.2. 

Another instance of this Form occurring with others in a similar brood may be 
given here, from Brood 15, F, of a Broad-Form 2, J CXLVI ($ unknown). 

Five young were extruded on 28 August 1928, four of which survived to maturity, 
all of them males. The first was placed with a 2 of another Broad-Form brood and 
mated, but the 2 died shortly after, before a brood could be hatched. The other 


three were kept in separate bowls to watch development. They were of different 
Forms as follows: - 


(a) One ConstRiIcTED TRUNCATE THUMB, This specimen (15a) died on 3 February 
1929, and was found to be exactly like the one figured in Pl. 15 as spec. 9, though, 
as might be expected from the difference in age, it was larger and the antennae and 
gnathopods more swollen. The 2nd gnathopods were as in fig. 9 d, with the palm 
long and the thumb setting out widely from it, thus differing from the next Form 
fig. 10, where the palm is much shorter with the thumb set closer to it. There were 
four plumose tufts on its margin ; and no Spine-group. The antennae were like those 
figured for spec. 10, Pl. 16, with one joint more in the flagella, 7.¢., six joints in ant. 1, 


and four joints in ant.2, but*the stiff sparsely feathered bristle-clusters were the same 
in number. 
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. (0) One INTERMEDIATE TRUNCATE TRUMB (15 6). Dead 8 January. Ant.1 with 
6-j a flagellum ; Ant. 2, 3-jointed ; their setation like that shown in fig. 10 candd; 
an 
_ _(¢) Two Cur-across, Mayor Broap-Form, with the Cut straight like that figured 
in Pl. 13, spec. 8a. Both specimens died on 8 January, both well-developed, with 
the colour-pattern clearly marked, and formed of masses of thick black specks on 
a light background. Flagellum of Ant.1 6-jointed ; of Ant.2 3-jointed, much swollen 
and fused ; the bristles in the clusters on the peduncle-joints were long in both 
antennae. The palm of the hand in the 2nd gnathopod was short, with three tufts 
of the plumose setae below the palmar angle, on the hind-margin ; the spine-group 
was present. 


B.2. The Intermediate Truncate Thumb (Pl. 16, spec. 10, a—g). 


The specimen figured, J.30a, came from the same brood as the one just 
described, F, of the Broad-Form 9, J CCLXII. It moulted on 1 July 1929, and 
was attacked and killed directly after, probably before the new skin had had time 
to expand to its full size. This would account for the narrow proportions of the 
gnathopod hand, shown in fig. 10 f. 

This Form (spec. 10) is evidently very near to the one just described (spec. 9), 
and occurs with it in the same broods (see also Brood 5 above). There are, however, 
certain definite distinguishing characters particularly in the 2nd gnathopods. For 
instance, in comparing the Sloping-Cut stages of the two Forms, figured in Pl. 15, 
spec. 9a & b, and Pl. 16, spec. 10 a & 5, it will be seen that in the latter the side-plate 
is much less produced posteriorly and less angular, and the curve of the palmar 
margin is much flatter. In the adult, the proportions of the hand (fig. 10 f) are 
different in this Form ; the palm is much shorter, about the same length as the 
hind-margin ; the narrow thumb is set closer to it; the plumose tufts are found, 
not on the thumb itself as in the preceding Form, but below it, on the hind-margin ; 
and the spine-group is present and well developed. The prominence on the inner 
margin of the claw is more rounded and not so much produced. For another example 
of this Form see above, Brood 15 6. 


B.3. The Sharply Truncate Thumb. 


The figures (Pl. 17, specc. 11 a, b, c & d) are taken from two males, J.17 c and 
17 d, F, of a Broad-Form pair, J CLXXIV. 

This Form, a very distinct one, is characterized by the setation of the large 
second antennae, and by the structure of the hand of the second gnathopod. In 
this the palm is very short in relation to the hind-margin ; the base of the thumb 
is enlarged, giving a heavy appearance to the hand ; the thumb itself is very narrow, 
erect, with the tip sharply truncate and with no plumose tufts inset on its margin. 
_ These are situated (spec. 1l a & c), one at its base, and the others with the spine- 
group below on the hind margin. Antenna 2 is figured (fig. 11 a); antenna 1, peduncle- 
joints 2 and 8 are practically subequal in length ; the primary flagellum is, 5- to 

6-jointed, the first slightly longer than the others taken together ; the accessory 
flagellum definitely 1-jointed. 
Experimental Results. 

The two specimens from which figs. 11 (Pl. 17) were drawn were part of a large 
brood, J.17, #, of the Broad-Form pair, J CLXXIV, extruded on 25 March 1929. 

Only fourteen survived to maturity, four males and ten females, all of the 
Broad-Form. The males belonged to three different Forms, viz.: - 

17 ¢ and 17d, the SHareLy TRUNCATE THUMB figured in Pl. 17, fig. 11 ; 

17 e, the large Magor Broav-Form, figured in Pls. 13 & 14, fig. 8 ; and 

17 b, the INTERMEDIATE TRUNCATE THUMB like that illustrated in Pl. 16, fig. 10. 
A great number of offspring was hatched, but only a very few survived, owing to 
adverse conditions. 
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Of these, the following resulted from the mixed matings in the brood-bow], 
VIZ. i— 
Two INTERMEDIATE TRUNCATE FoRM ; 
One SHARPLY TRUNCATE THUMB ; and 
Two 9°. 
Some of the females in the brood-bowl were ‘mated out’ to males of the 
Intermediate Truncate Form from other similar Broad-Form broods. 
The survivors from one such mating included :— 
One large Masor Broav-Form @ ; 
Three INTERMEDIATE TRUNCATE Form ; and 
Seven 99. 
And from another :— 
Two INTERMEDIATE TRUNCATE FORM ; 
One SHARPLY TRUNCATE ; and 
Two 99. 
For another example of the Sharply Truncate Form occurring in a brood with 
other Forms, see also Brood 30 (6.4), p. 40. 


B.4. The Short Truncate Thumb with the Humped Claw. 

This is the form described by Montagu as falcatus, as will be seen by comparing 
specimens 12 a and b, Pl. 18, with the photograph of his original type in the British 
Museum (PI. 4, fig. 1), and his description. 

This Form is characterized by the curious shape of the hand of the second 
gnathopod, piriform, with the palm considerably shorter than the hind margin. 
The thumb is short and sharply truncate with the spine-group present, and much 
below it, at the widest part of the hand. But the most striking feature is the claw. 
Described by Montagu as ‘ fangs falciform, with one tooth’, it is produced on the inner 
surface near the hinge into a large drawn-out protuberance or hump which, when 


the claw is closed, fits in between the palm and the thumb ; the tip of the claw ends 
in an acute point. : 


Two stages of growth are figured here in Pl. 18 :— 


(i) Spec. 12 (1) a is drawn from a young male, J.5 (11), F, of the Narrow- 

Form 2, J CXLIV (p. 37), extruded on 30 August 1928, died on 26 November. 

In antenna | the primary flagellum was 6-jointed, and the 3rd peduncle-joint 
carried eleven of the stiff bristle-clusters. In antenna 2 the 4-jointed flagellum was 
about four-fifths the length of peduncle-joint 5, with the typical Narrow-Form 
armature (the details as in fig. 13 6 & c, Pl. 19), taken from another member of the 
same brood, J.5 (2)). 

Fig. 12 (2) 6 shows an older stage of the same Form, taken from a specimen 
KB.31, brought in from Knap Buoy, outside Plymouth Breakwater on 2 May 1930. 
It was set out in a separate bowl to watch its development. At that time the 
flagellum of antenna 2 had four joints on the right side, three on the left ; and the 
hand of gnathopod 2 was not differentiated. It moulted on 12 May into the Sloping- 
Cut stage, with the palm of the hand of gnathopod 2 approximately the same length 
as the hind-margin sloping in a shallow curve to the palmar angle ; the claw rounded 
underneath, not humped ; and with four joints in each flagellum, antenna 2. On 
21 May and 2 June (recorded as then 5 mm. in length and very pale in colour) it 
moulted again and the development of the thumb was noted. ‘The figures 12 (2) b 
and e were drawn from the animal after its death on 5 J uly 1930. 

The following Forms show the variation in the Pointed Thumb. 


B.5. Intermediate with short pointed thumb. 


These are found in numbers in both the Broad- and the Narrow-Forms, but, so 
far as the investigation has yet proceeded they do not appear to merge into either 
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of the Major Forms. Many have been kept under observation for months at a time, 
but no material change was noted, merely a slight increase in size and in the number 
of the setae and spines. As a typical example of the development of these forms, 
J XXVIII, described below (p. 44) may be quoted. It showed that even three 
months after sexual maturity was attained and after seven successive growth-stages 
(moults) there was no notable change of shape, or of size, whereas in the Major-Forms 
E des and remarkable change both of shape and of size occurs (Pls. 13 & 14, 
gs. 8 a-c). 

In these Intermediates, the palm of the second gnathopod hand is long and 
almost straight, with the thumb when fully developed only about half the length of 
the palm. ‘They differ, inter se, in the setation according to the Form to which they 
~ are referable, Broad or Narrow ; in the shape of the Cut-across stage preceding the 
appearance of the thumb; in the length of the palm in relation to the hind margin, 
and in the spine-group below the palmar angle, present in the Broad, absent in the 
Narrow Intermediates. 


B.5 a. The Narrow-Form Intermediates with short pointed thumb. 


The male, J.5 (2) figured here (Pl. 19, spec. 13 (1)) came from Brood 5, F, of the 
Narrow-Form 92, J CXLIV (PI. 10, spec. 2, p. 37). The brood contained also the 
Narrow Cut-across (Pl. 12, spec. 7) and the Intermediate Humped-claw (Pl. 18, 
spec. 12 (1)). This specimen, extruded on 30 August 1928 dead on 21 December, 
was evidently fully mature, judging from the state of its development and the 
setation of the antennae and gnathopods. The Ist antenna carried six of the stiff 
out-standing bristle-clusters on the Ist peduncle-joint, twelve on the 2nd and twelve 
on the 3rd, and had a 6-jointed primary flagellum (fig. 13 (1) 6), while the spinose 
armature of the flagellum of the 2nd antenna, the setation of the palm of the 
2nd gnathopod hand, its length in proportion to the hind margin, and the absence 
of the spine-group below the palmar angle, together with the glabrous anterior 
margin of the basal joint are all distinguishing characters of the Narrow-Form. 

A larger animal of the same Form, K.B.11, is shown, with the growth-stage 
preceding the development of the thumb. It was brought into the Laboratory on 
3 May 1930, in a mixed collection scraped from a buoy moored outside the Break- 
water. On examination it was recorded as a § Cut-across, and antenna 2 as 4-jointed 
‘fat joints, not plumose’. It moulted on 30 May (PI. 19, spec. 13 (2)d & e). The 
colour was then pale grey and white. The antennae were still swollen, the second 
gnathopod hand and thumb also, but the rest of the characters were of the normal 
Narrow-Form with none of the plumose setation of the Broad-Form. 


B.5 b. The Broad-Form Intermediates with short pointed thumb. 

The first illustration for this Form, the g J.21 b (Pl. 20, spec. 14 (1) a—c) was chosen 
for two reasons, firstly because the exact data of its life-history are known, and 
secondly, because some of its offspring survived to breed and the results obtained 
threw fresh light on the genetical constitution and inheritance of the species. 

The data are as follows :— 

The © parent, J CCXVII, a speckled-pattern Broad-Form, extruded her brood, 
- J.21, on 1 March 1929. This g, 216, on reaching maturity mated with a Broad- 
Form @ of the same brood, its last mating taking place on 23 May, only a few days 
before its death on 27 May. The eggs laid on 23 May hatched on 1 June and amongst 
the survivors of this brood were found typical Broad-Form males as well as 
Intermediates. From a mating of one of these F, Broad-Form males (in its own brood) 
came in the F, a Broad Intermediate male, exactly like its grandparent (J.21 6, 
figured Pl. 20, spec. 14 a-c). 

These figures were drawn from the dead animal not long after its last mating. 
Antenna | (fig. 14 6) had twelve of the stiff bristle-clusters on the second peduncle- 
joint, eleven on the third ; six joints in the primary flagellum, the Ist as long as 
the three following taken together. Antenna 2 (fig. 14 c) was much swollen ; the ten 
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bristle-clusters on peduncle-joint 4 rather short ; the plumose clusters characteristic 
of the Broad Form, extended along the distal half of the 5th peduncle-joint ; three 
joints in the flagellum, the 1st twice as long as the other two taken together. 

The second illustration, Pl. 21, spec. 14 (2) d-k, is given to show two Cut-across 
stages immediately preceding the appearance of the Intermediate thumb. The 
animal, J.11, was one of a small brood extruded by J CXLI, a Broad-Form 9 less 
plumose than normal. It moulted at regular intervals until 28 February 1929, after 
which date till it died on 1-May, no further moults were found: They were probably 
devoured either by the male, or by its mate, added to the bowl in March. The 
increase in the size was noted from 10 February to 1 May (fig. 14 g-k). 

J XXVIII, the specimen referred to above as undergoing a succession of moults. 
with no alteration of its Intermediate characters, was brought into the Laboratory 
on 11 May 1928, and set out for daily observation in a bowl to itself on 28 May. It 
moulted on 3 June, and was then recorded as very small, speckled ; antenna 2, 
3-jointed, but not swollen, nor plumose; and the second gnathopod hand not: 
differentiated. It probably moulted again about 14 June, though no fragments were 
found ; but on 30 June it was seen in the act of moulting inside the nest. On 
examination the hand was noted as having changed to the long Sloping-Cut stage. 
Another ecdysis followed on 11 July of the same character, but slightly larger. 
At the next moult, again accomplished inside the nest, the Intermediate Form of 
thumb appeared. After this, it moulted six times and was examined each time with 
the microscope, and was recorded as small and pale ; antenna 2 very plumose, with 
the joints of the flagellum swollen ; the thumb slender, with its base enlarged ; the 
spine-group present below the palmar angle (like the one figured, 14). The conditions 
in the bowl became unhealthy, and the animal died on 14 October with its 
Intermediate characters unchanged. 

The succession of moults was as follows, from 30 June, with the intervals between 
given in days :—11, 10, 11, 10, 9, 10, 11 and 13. 


C. The Male Intersexes. 


This division contains the most curious development of all those hitherto 
described for this species, viz., the Male Intersexes. By this term we designate 
those animals which function as males, but which are provided with certain of 
the female characters, notably the broodplates which form the brood-pouch. These, 
as will be seen (in Pl. 23, spec. 15k; Pl. 25, spec. 16f; and Pl. 26, spec. 17 b) 
are fully formed and fringed with the long flexible interlacing hairs characteristic 
of the adult female (cf. Pl. 24, fig. 15 q). 

The first appearance of the Intersexes was noted in a brood, J.14, from a Broad- 
Form pair, J XCIX, both parents being perfectly normal representatives of the 
Form Ce 38). The 3 parent is figured in Pl. 17, spec. 3 a—d, and the Qi PY 12, 
spec. 5 a-f. . 

The brood was extruded on 19 September 1928, and left together in the brood-bowl, 
the pairs as they mated being taken out in separate bowls. On 9 February 1929 a 
young male was noticed, small but apparently different from any of the other small 
Minor-variants previously noted. It was taken out with a normal Broad-Form 
female of the same brood as pair J.14 ¢. 

Both animals moulted on 19 February, the male recorded as a Cut-across, straight, 
but quite distinct from the Straight-cut of the Broad-Form (cf. Pl. 13, spec. 8 a), 
the female as normal, like its 2 parent, J XCIX. They were then together on the 
ie surface of a leaf, close to their nests which they had built adjoining each 
other. 

__In the 3 the flagellum of antenna 1, left side, was 5-jointed ; that on the right 
side, 4-jointed, regenerating ; the flagella of antennae 2 were of equal length with 
three joints on right side, two on left. The hands of the second gnathopods are 
shown in Pl. 22, figs. 15 a & 6; palm short, and strong spine-group present. 

On 9 March young were hatched and extruded and both animals moulted. The 
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3; now 5 mm. in length, was examined with the microscope and seen to be an 
Intermediate with a short sharply pointed thumb (figs. 15 ¢ & d) ; palm short, about 
half the length of the hind-margin. In antenna 1 (fig. 15 e) regeneration was 
complete ; both antennae now had eleven of the stiff sparsely feathered bristle- 
clusters on peduncle-joint 2, nine on joint 3, and six joints in the primary flagellum. 
In antennae 2 (fig. 15 f) the proportions were unchanged, the left side still showing 
more fusion than the right. . 

Again on 25 March the 9 extruded her brood and moulted. Mating followed, and 
as this was the first time it had been observed, the following notes were taken. At 
11 a.m. the ? was in its nest, the $ running over the top and all round it; mating took 
place every half hour till 12.50 when the ¢ settled on the side of the nest out of which 
the 2’s head and antennae were projecting. Clinging to the edge he kept continually 
touching her antennae with his right one. He made two efforts to mate again, entering 
the nest for the purpose. At 2 p.m. he went a little below the nest, facing upwards, 
the Q several times coming halfway out, and the 3 touching her antennae with all 
four of his, but no further mating was noticed. At 4 p-m. they were still close 
together, and the female had eggs, orange-coloured, but exactly when they were 
laid it was not possible to see. The pair was observed for another hour, but no 
further mating took place. 

The 3 Intersex moulted again on 20 April (Pl. 23, figs. 15 g-k), the only noticeable 
change in its appearance being the prolongation of the thumb of gnathopod 2 into 
a straight, narrow pointed process nearly as long as the palm. 

In its next moult, 9 May, the proportions were about the same; but in the 
following moult on 4 June, signs of deterioration were visible. The cuticle was 
exceedingly thin and difficult to cast, and the thumbs of the second gnathopod 
hands had run up to such attenuated frail spikes that one broke off at the base in 
moulting and the other (fig. 15 n) only lasted two or three days. The animal died on 
16 June 1929. 

The J.14 brood-bowl a, out of which the pair, J.14.c, was removed, was left to 
interbreed for a time until the offspring became mature. It was then seen that one 
of the F, was a 3 Intersex (J.55), of the same form as the one just described ; the other 
two were females. 

In Pl. 25, spec. 16, two stages of one of these, J 55, are shown. First the moult 
of 14 June, when the animal was recorded as very thin, pale in colour, and lightly 
speckled with the spots thicker on the posterior margins of the antennal joints, and 
the body-segments, particularly those of the pleon where they form dark bands. 
Fig. 16d illustrates the developing brood-plates with the fringing hairs appearing 
on the margins. Fig. 16f shows the fully mature appendage. The specimen 
died a month later, 16 July 1929; it was then 5 mm. in length. 

A second F, example, J 56, from brood-bowl 6b, healthier and better grown, 
is figured in Pl. 26, spec. 17. It moulted on 17 June (figs. 17 a & b). Its brood- 
plates were then large, fully developed and fringed with long hairs as in the mature Q, 
but it is difficult to show the exact shape of these appendages, owing to their delicate 
texture and the entangling hairs. They are usually torn or crumpled in the moulting. 
The proportions and setation of the antennae were noted as exactly like those of the 
~ other specimen (J 55) in the moult of 14 June 1929, except that a 5th curved spine 
had developed on the Ist flagellum-joint of Ant. 2. 

The animal moulted again on 8 July and died on 13 July, unchanged except for 
a very slight increase in size. 


Experimental Results :— 


Brood J 14, F, of Broad-Form pair J XCIX, extruded on 19 September 1928, 
consisted of a large number of young, which were later divided into two bowls, 
a and b. They were left together in the brood-bowls to mature, the first pair to 
mate being taken out on 9 February 1929, as J 14c. The 3 of this pair proved to 
belong to a hitherto unknown Form, the 3 Intersex (described and figured above 
(Pls. 22-24, spec. 15)). They gave numerous offspring but none survived to breed. 
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The other animals in bowl a were left together to interbreed, but only a few of 
their offspring (J 55) survived, viz. :— 
1 ¢ InTERSEx (spec. 16) ; and 
2 99, normal Broap-Form. 
In bowl 6, four of the F, animals (J 56) came to maturity, as follows :— 
1 § InTERSEX (spec. 17): and 
3 Broap-Form females. 
A great number of young were hatched from mixed matings in this bowl and taken 
out as J 25, (Fz; XCIX). Most of these died, but amongst those examined were :— 
Four 3 InrersEXES, three at the stage figured in Pl. 22, spec. 15 c & d, and one 
younger, like 15 a :— 
Four younger 34, at the Cut-across Stace: and 
four 99 Broap-Form. 
Only one of the offspring from this brood (F; XCIX) survived, J 71, a normal 
Broav-Form 9. 


III. THE LARGE POLAR FORM. 


The two Major Forms previously described as typical representatives of the two 
main classes into which this species may be divided, the Broad and the Narrow, 
are clearly characterized and quite distinct from each other. 

But there is also a third large form, which appears to combine in itself the special 
characters of both the others. In the second antenna for instance, the joints of the 
flagellum are distinct as in the Narrow Form, but dense tufts of plumose hairs are 
carried on the distal portion of the peduncle and on part of the flagellum, as in the 
Broad Form, and with this type of antenna some of the males have the Broad Form 
second gnathopod characters, others the Narrow. 

Other observers have noted this Form, but without recognizing its deviation 
from the normal type. Sars evidently found it, for in his Crustacea of Norway, 
under the name Podocerus falcatus (Mont.) he described and figured it (p. 594 & 
Pl. 212). His description of the second antennae is as follows :— 

‘Inferior antennae considerably longer than the superior and also much more 
strongly built, especially in the male, last joint of the peduncle having, in addition 
to the usual fascicles of setae, a dense clothing of short ciliated hairs, partly continued 
on the flagellum, that being rather robust and 6-articulated, terminating with several 
small hook-like spines’. In Pl. 212 with this form of the antennae he has figured 
the Narrow second gnathopod. 

Pfeffer (1888) described and figured some specimens from S. Georgia as a new 
species Podocerus ingens. His collection contained the largest Jassa hitherto 
recorded, the type $ measuring 26mm. The one figured here from his collection 
was 20 mm. in length and, as will be seen (Pls. 27-29).on comparing it with Sars’ it 
has the same mixed characters in the second antennae, but the second gnathopod 
hand of the Broad Form. 

A third instance can be seen in Stephensen’s figures of a Jassa taken at Tristan 
da Cunha (1949), which he identified with J. pulchella Leach (syns. given : Podocerus 
falcatus Sars 1895 ; Jassa pulchella Stebbing 1906; J. falcata Chevreux and Fage 1925) 
but which shows exactly the same characters as Pfeffer’s, the only difference being 
in size—Pfeffer’s 26 mm., Stephensen’s barely 5 mm. 


SUMMARY. 


It has been shown by rearing and breeding experiments that the amphipod Jassa 
falcata (Montagu 1808) is a polymorphic species. 

The species falls into two main classes or divisions, characterized particularly 
by the differing setation and shape of the second antennae, and the second gnathopods 
of the males. These divisions are called here, in accordance with their appearance, 
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the Broad and the Narrow Forms. There is a third Form, in which the antennal 
characters of both the other Forms are combined with either the Broad gnathopod or 
the Narrow one. 

In addition a number of Minor variants occur within the limits of the two main 
divisions. 

The species also shows male intersexuality. 

The trivial names enumerated below we consider synonyms of Jassa falcata 
(Montagu). It is not necessary to give the full synonymy list here as that is included 
in the following review of the bibliography. 

The trivial names, their authors, and the dates when they were first used by 
the different carcinologists in designating Jassa falcata are as follows :— 

falcatus Montagu, 1808 ; 

pulchella Leach, 1814 ; 

pelagica Leach, by Latreille, in 1818 ; 
spinipes Johnson, 1829 ; 

calcaratus Rathke, 1843 ; 

algensis (Ch.), by Nardo, in 1847 ; 
anguipes Kroyer, by Liljeborg, in 1851 ; 
validum Dana, 1852 ; 

varregatus Leach, by Spence Bate, in 1862; (ie. part of the type material) ; 
monodon Heller, 1866 ; 

australis Haswell, 1879 ; 

ingens Pfeffer, 1888 ; 

herdmani Walker, 1893 ; 

odontonyx Sars, 1894 ; 

dentex Czerniavski, by Scott, in 1901 ; 
marmorata Holmes, 1903 ; 

goniamera Walker, 1903 ; 

wandeli Chevreux, 1906. ~ 

The above species have been variously combined and included in the following 
genera, the dates of the first mention of such inclusion being given :— 


Cancer (Gammarus) Montagu, in 1808 ; 


Astacus Leach, 1812 ; 
Jassa Leach, 1814 ; 
Gammarus Fabricius, 1818 ; 
Podocerus Leach, 1830 ; 
Cerapus Say, 1840 ; 
Lusyta Chiereghini, 1847 ; 
Ischyrocerus Kroyer, 1851 ; 
Cratophium Dana, 1852 ; 
Elasmopus Costa, 1862 ; 
Janassa Boeck, 1887 ; 
Bruzelhiella Norman, 1905 ; 


Hemijassa Walker, 1907. 
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PART II. 


REVIEW OF THE BIBLIOGRAPHY OF JASSA FALCATA (MONTAGU) 
1808-1949. 


In the following pages we have endeavoured to correlate the account of the species 
given by previous writers with the results of the research carried out in the Plymouth 
Laboratory in 1928-30. Though the results are far from complete they may perhaps 
help future workers towards the solution of the problem presented by the multiform 
males of this species. [N.B., A.M.N.H.=Ann. Mag. Nat. Hist.] 


1808. 


Montagu’s type specimen: The species was first established by Montagu under 
the name of Cancer (Gammarus) falcatus in 1808 (Transactions Linnean Society, 9, 
p. 100. pl. 5, fig. 2). The type specimen from Torcross, S. Devon, is still preserved 
in the British Museum and, as can be seen in Dr. Harding’s photograph (PI. 4, fig. 1), 
shows the characteristic features of one of the small male forms of Jassa falcata. 
This form is figured here in Pl. 18, spec. 12, and is the same form as that described 
by Walker in 1893 as Podocerus herdmani, by Sars in 1894 as P. odontonyx, and 
by Chevreux and Fage, 1925, as “‘ Jassa dentex (Czerniavski)’. Montagu’s specimen, 
no. 603 a in the old Register of the Museum, was referred to by White in his 1847 
list, p. 89, as ‘ Cerapus falcatus a. Devon (‘Torcross) from the Collection of Col. 
Montagu’. It is interesting to note that the colour pattern characteristic of the 
species can still be seen. 


1812. 


Pennant, T. British Zoology (ed. 5), 4, p. 34. London. His account, under 
the name ‘ Astacus falcatus’, is only a brief summary of the original description, 
with, however, a mis-statement as to the hand of the second gnathopod. Montagu’s 
“furnished with two spines at the inner edges’ becomes ‘ spinous at the edges.’ 


1814. 


Leach’s type specimens: The next work of importance is Leach, 1814, article : 
Crustaceology, in Appendix to Edinburgh Encyclopedia, 7, p. 433. This has formed 
for many years the focal point of the controversy relating to the identity and validity 
of the genera and species of the family Podoceridae established therein. The meagre 
and ill-defined descriptions and lack of figures made the later identification of his 
species difficult, and even to-day the confusion persists, although the type specimens 
still exist in the British Museum and are available for study. Two genera and three 
species concern us here, namely, Podocerus n.g. with type species P. variegatus, and 
Jassa n.g. with species J. pulchella of which two varieties were mentioned; the 
second species referred by Leach to Jassa is now known as Parajassa pelagica.(Leach).* 

a. Podocerus variegatus. The first difficulty, the confusion between the two 
imperfectly characterized genera Podocerus and Jassa, was resolved by Stebbin 
(1899, A.M.N.H. (7), 3, pp. 237-241) and corroborated by Walker (1899, A.M.N.H. (7) 
3, p. 394). Stebbing traced the early history of Podocerus variegatus Leach and showed 
how the seeming discrepancies could be explained. He concluded that Leach’s genus 
Podocerus and its type species P. variegatus still stand and that Jassa remains distinct 
Walker (1899, p. 394) found, on re-examining Leach’s type specimens of P. variegatus 
(reg. no. 295 a-f) that at least two species were represented ‘ one being apparently 
the female or young of P. falcatus (Mont.). The other, however, we had no difficulty 
in deciding to be the species Milne-Edwards intended to represent minus the dorsal 


* For both these species Leach gives the reference ‘““ Mem. Wern, Soc mi, 
: ° » vol. 11°’, but the 
memoirs contain no reference to them and the reference is omitted in his 1 ‘ 
Trans. Linn. Soc., 11, pt. 2, p. 361). mmnrchcaes oie 
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teeth’. (Milne-Edwards’ figure, Pl. 61, fig. 3, in ‘Régne Animal de Cuvier’ was said 
to be drawn from Leach’s type in the B.M.—see Stebbing 1899, p. 238. This speci- 
men is marked ‘ Podocerus variegatus 295 f; type specimen figured by Edwards’). 
Spence Bate had further confused the issue by misapplying the name Podocerus 
variegatus Leach. His figures show a female of the Broad-Form of Jassa falcata 
(Mont.), and Walker’s discovery of two species amongst Leach’s type specimens of 
P. variegatus seems to explain the mystery. Spence Bate, on examining the types, 
must have selected a falcatus of a form unknown to him and accepted it according to 
its label as ‘ Podocerus variegatus Leach’. Walker (1895 A.M.N.H. (6), 15, p. 472) 
also re-examined Bate’s own material in the British Museum, including a tube 
labelled ‘ Podocerus variegatus Leach’ in Bate’s handwriting. He found two forms 
amongst them, and Walker’s descriptions of them correspond accurately with the 


Broad- and the Narrow-Forms of Jassa falcata as defined in the first part of the 
present work. 


b. Jassa pulchella. The second difficulty, the confusion centering around the 
species Jassa falcata, has been a much .greater problem, for, even with the actual 
type specimen available for study, it would have been impossible to solve it without 
some knowledge of the development of the species and of the different Forms it 
assumes during growth. Our breeding experiments have shown that Montagu’s 
type of Jassa falcata (Mont.) is the young male, small but sexually mature, while 
' Jassa pulchella Leach is the full grown male, of the same species. Leach’s types 

comprise seven specimens, Reg. No. 296 a-g, all of the Narrow-Form. They are listed 
by White (1847, p. 90) as Podocerus pulchellus Edw. (=Jassa pulchella Leach). 
Specimen 296 a is a young male similar to Montagu’s type of falcatus with a short 
thumb and a well developed tooth on the claw or finger (cf. Pl. 4, figs. 2 & 1). Specimens 
296 b & c have lost their gnathopods, while d-g are all full-grown males with long 
pointed thumb and a small angular projection on the claw. The second gnathopod of 
296 f is photographed on PI. 4, fig. 3. Two specimens, d & g, still have seven segments 
left in the flagellum of antenna 1, but in all the others the flagellum is broken or 
wanting. In Montagu’s type, the flagellum of antenna | has eight or nine, that of 
antenna 2 has five segments. Leach’s ‘ var. a’ with an ‘ elongated tooth at the base ’ 
is evidently the fully adult male (296 d-g), but var. b has puzzled later workers ; it 
is described as having ‘ internal edge of the second hand with three teeth ’. Spence 
Bate thought that the varieties were the male and female of the species, but it is 
more probable that var. 6 is the young male (296 a) since the short thumb would be 
regarded as one tooth, the bidentate process near the insertion of the claw as the 
second, and the cluster of three spines at the palmar angle as the third. Montagu 
represented this cluster as a tooth in his figure and, in the dry condition it could 
easily be mistaken for one, although in the living animal or in spirit material the 
_ three spines in the cluster are distinct. 

Sars (1894, Crustacea of Norway, vol. 1, Pl. 212, p. 595) seems to have been the first 
to recognize the identity of Montagu’s C. falcatus and Leach’s J. pulchella ; he thought 
that the latter was the fully adult form, the former the young sexually immature 
male. As we have seen, he was right as to the identity of the two, though he was 
mistaken about the immaturity of the falcata type male ; our breeding experiments 

~ showed that half-grown males of the ‘ falcata’ form mate and produce viable 
offspring. Walker (1895, p. 472 and 1899, p. 395) was of the same opinion as Sars, 
but Stebbing (1899, pp. 239-40 and 1906, p. 656) regarded pulchella as the type species 
of Jassa while falcatus “remains as it was left by Leach, indeterminate ’. 


c. Jassa pelagica. In 1899, Walker (A.M.N.H. (7) 3, p. 394) re-examined the 
_type specimen and found that it did not belong to the genus Jassa at all; also that 
Podocerus capillatus Rathke (1842, Verh. Kaiserl. Leopold-Caroli Akad. Naturforsch, 
20, Abt. I, p. 89) was synonymous with it. In the same. year Stebbing (1899, 
A.M.N.H. (7), 3, p. 240) referred it to his new genus Parajassa so that it is now known 
as Parajassa pelagica (Leach). 


JOURN. LINN. SOC.—ZOOLOGY, VOL. XLII. 4. 


50 E. W. SEXTON AND D. M. REID: THE LIFE-HISTORY OF 


Prior to this it had been confused with Jassa falcatus as e.g. in: Milne-Edwards 
(1836-49, Cuvier’s Régne Animal, Les Orustacés, p. 179, pl. 61, fig. 2) where the 
‘ Jassa pelagica Leach’, stated to be drawn from Leach’s type, is a young male of 
Montagu’s C. falcatus. Guérin-Méneville (1829-43, Iconographie du Regne Animal, 2, 
pl. 27, fig. 3) gave a rough copy of Montagu’s figure of C. falcatus, without acknow- 
ledgment, as ‘ Jassa pelagica Leach’. Bate and Westwood (1863, A History of the 
British Sessile-eyed Crustacea, 1) figure a female of Jassa falcatus (Montagu) as 
‘ Podocerus pelagicus Leach’ on p. 447, while their figure of ‘ Podocerus capillatus 
Rathke’ on p. 442 agrees with Leach’s type specimen of pelagica as photographed 
by Dr Harding (see Pl. 4, fig. 4). 


1815. 


Leach, W. E., Trans. Linn. Soc. 17, pt. I, p. 361. This is much the same as 
his 1814 work, with the correction of ‘didactlye’ to * monodactyle ’ in ‘ pedes quatuor 
antice monodactyle ’, and the addition of a note on the coloration of Jassa pelagica. 


1816. 


Leach, W. E., Annulosa.—Encyclopedia Britannica, ed. 5, Supplement, p. 426— 
as above, Jassa, with type sp. pulchella. 


1816-17a ; 
Latreille, P. A., Crustacea in: Nouveau dictionnaire d'histoire naturelle... . , 
N. Ed., Paris, 7, 1816; 8, 1817, p. 493; and 
1817 b. 


Le Régne Animal . . . par Cuvier T. 3, Crustacés, Paris, p. 48. In both, reference 
is made to the Podocerus and Jassa of Leach which he included in Corophium. 


1817. 


- Say, T., Journ. Acad. Nat. Sci. Philadelphia, 7, Pt. 1, No. 4, pp. 49-52. Fig. in 
0.9. 

His new genus, Cerapus, was placed by him in the family Podoceridae next to 
Jassa. It belongs however to the family Corophiidae. His erroneous statement 
that the thumb was two-jointed was repeated by Milne-Edwards (Hist. nat. d. 
Crustacés, 1840, p. 60) who also transferred the species Jassa pelagica to Cerapus 
including falcatus in its synonymy. 


1818. 


Latreille, P. A., Tableau encyclopédique et méthodique des trois regn 
Nature. Pt. 24, Crustacés. His figure of J. falcata, PL. 336, fig. 34, as ee 
pelagicus, Montagu ; Jassa pelagica ?, Leach’ is an inexact copy of Montagu’s figure 
{he short transverse lines defining the eye and the frontal margin are omitted 50 
that the head region appears to be an additional segment of each antenna (see PLS 
fe. Ny This error is repeated in Guérin-Méneville’s Iconographie (1829-43, pl. 27, 
g. 3). 


1818. 


Leach, W. E., Crustacés. Dict. Sci. Nat. T.12. Reference to his genera Jassa 
and Podocére. 


1825. 


Desmarest’s Considérations générales sur la classe des Crustacés, Paris, Strasbourg 
p. 269-270, follows Leach :—Podocerus with the species variegatus ; Jassa wis 
pulchella and pelagica, but Corophiwm is given as a synonym of each. 
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1829-43. 

Guérin-Méneville in his Iconographie du Regne Animal de G. Cuvier, 2 (Pl. 30, 
fig. 3) has figured a species which he called Jassa pelagica Leach, quoting Latreille 
(1829, p. 122) as his authority. His figure is evidently a copy, with error included, 
of Latreille’s copy (1818, Pl. 336, fig. 32) of Montagu’s original drawing of falcatus, 
though no reference to it nor acknowledgment is made. 


1829. 


Johnston, G., Zool. Journ. London, 4, p. 417. An account is given of an 
amphipod species which was found amongst Sertularia brought in by a fishing boat 
at Berwick. Johnston described it as a new species, Gammarus spinipes, though he 
evidently considered placing it in Leach’s Jassa pulchella, and would have done go 
but for a doubt as to what Leach meant by the terms he employed. in describing the 
lower antennae (‘ leg-shaped ’), and the ‘ thumb of the second pair of legs with the 
internal edge notched at the base’. Johnston’s own description leaves much to 
be desired in the structural details. Hé did not e.g., recognize the flagella of the 
antennae as such but he did note the more striking distinctive characters of Jassa 
falcata such as the second gnathopod ‘ with the palm much dilated, armed with a 
single claw, and beneath with a conical spine, much like a claw. Between these 

_ there is a triangular process.’ 


1829. 


Latreille, P. A., Le Régne Animal &c. Ed. 2. T.4. Crustacés contains a 
reference to Jassa pulchella Leach (p. 122). 


1830. 


Bosc, L. A. G., Manuel de lVhist. nat. des. Crustacés, 1, p. 190; 2, p. 99. 
' References to the genera Podocerus and Jassa. 


1830. 


Milne-Edwards, H., in T.20 of the Annales des Sciences Naturelles, p. 384, 
deals with the genera Cerapus Say, Podocerus Leach, and Corophia Latr., distinguishing 
them chiefly by the proportions of the antennae, and by the gnathopod hands. 
To Podocerus, four species are allotted, with characters based on the difference in 
shape of the gnathopod hands, viz., Say’s species Podocerus cylindricus, and Leach’s 
three, P. variegatus Leach, P. pulchellus (with Jassa pulchella Leach, and Gam. 
falcatus Montagu as synonyms), and P. pelagicus (=Jassa pelagica Leach). Of 
these all but the first are referable to J. falcata (Mont.). 


The following papers contain references to Leach’s two genera Podocerus and 
 Jassa :— 


1831. 

Latreille, P. A., Cours d’entomologie, ou de Vhist. nat. des Crustacés, &c., Paris. 
1832. 

Zenker, J. C., De Gammari publico Fabr....p. 1. Jenae. 
1837. 


Burmeister, H. C. C., Handbuch der Naturgeschichte &c., Berlin. 


1838. 

Milne-Edwards, H., in the 2nd edition of Lamarck’s Histoire Naturelle des 
Animaua sans Vertébres, T. 5, brought up to date by Deshayes and Milne-Edwards the 
notes on the Amphipoda were contributed by Milne-Edwards with many references 

4* 
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to his 1830 classification. Corophium (pp. 316-317) was now taken as the type of 
the Crevettiniens-marcheurs, with the genera Podocera and Jassa of Leach included. 
It was stated that they differ from Corophium in having large subcheliform hands 
on the four anterior legs, but that the differences between themselves are small and 
unimportant. 


1836-49 and 1840. 


Milne-Edwards, H., Le Réegne Animal .. . par. G. Cuvier (édition Crochard). 
Les Crustacés, p. 179, Pl. 61, figs. 2 and 3, of ‘Jassa pelagica Leach and J assa pulchella 
Leach respectively. His figures are each said to be “ dessinée d’apres Vindividu 
décrit par Leach et conservé dans le Muséum Britannique”. The colouring is a 
uniform pale yellow, such as old dried specimens might have. Fig. 3, evidently 
intended to represent Leach’s pulchella, is a full-grown male of falcatus but the thumb 
looks as if it arose from the 5th joint instead of being a part of the 6th jomt or hand 
of the second gnathopod. His fig. 2 is not Leach’s pelagica, but a young male of 
falcatus, reminiscent of Montagu’s figure. And, indeed, in his next work, (Histoire 
Naturelle des Orustacés, p. 61) where he described this species as Cerapus pelagicus, 
he quoted Montagu’s name Cancer falcatus as a synonym, together with Jassa pelagica 
Leach and Gammarus pelagicus Latr., and he gave the figure above referred to as 
illustration. The second species, Jassa pulchella, he now placed in the genus Podocerus, 
and for many years to come Montagu’s species was known by this name—Podocerus 
pulchellus. 


1843. 


Rathke, H., Verhandl. d. Kaiserl. Leopold-Caroli Akad. d. Naturforsch., 20, 
Abt. I, p. 91, taf. 4, fig. 9, was the first to give an accurate and detailed description — 
of Jassa falcata with good illustrations which show clearly that he was dealing with 
full-grown males and females of the Narrow Form. It is true that he described 
them as a new species, Podocerus calcaratus, but when one considers the meagre and 
inaccurate accounts and figures previously published, it can be seen that it would 
have been impossible for him to have reconciled them with the facts he had before him. 

He discussed the differences between his species and others, viz., Say’s P. cylindricus 
and Leach’s P. variegatus and P. pulchellus, noting the peculiar structure of the second 
gnathopods in the first, and basing his separation of it from the last on the pro- 
portionate length of the antennae; the number of joints in the flagellum of the 
upper antenna (6 in pulchellus, 10-11 in calcaratus) ; and on the fact that the long 
‘tooth ’ (or thumb) is situated on the siath joint (or hand) of the second gnathopod, 
and not on the 5th. In these distinctions he was misled by Milne-Edwards, for the , 
points he emphasizes as characters of calcaratus are those of Jassa falcata, though 
the comparative length of the antennae is not now used as a reliable specific 
distinction as, apart from the antennae being easily broken, the length varies with 
age and sex. In the description of calcaratus the number of joints in. the upper 
antenna is given as 9-10, in the lower as 6-7; this is for very large specimens, the 
average number being 8 and 5 respectively as shown in his figure (Tab. IV, fig. 9 A). 
With regard to the position of the ‘ thumb ’, ‘ das an den Handen des zweiten Paares 
der langere Zahn offenbar von dem vorletzten Gliede derselben, nicht aber dem 
Anscheine nach von dem iiber diesem liegenden Gliede abgeht’. Rathke was 
evidently referring to Milne-Edwards’s description of it as a tooth ‘ extrémement longue 
paraissant étre formée par un prolongement de l’anté-penultimate article’ (1840, p. 64) 


1847. 


, Nardo, G. D., published his revision of Chiereghini’s work under the title of 
Sinonimia moderna nella specie registrate nell’ opera intitolata : Descrizione de’ Crostacei, 
de’ Testacei e de’ Pesci che abitano le lagune e Golfo Veneto ... dell’ Abate Stefano 
Chiereghini. This work which was in manuscript, was compiled about 1818. Among 
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_ the few amphipods recorded was one (p. 10, figs. 76-79) named by Chiereghini 
“Cancer Algensis’, for which Nardo instituted a new genus Lusyta. Its habitat 
was given as ‘ trovato copiosamente in laguna, nidulato sulle foglie della zostera ’. 

Nardo re-described the species at some length in 1869 (see p. 57) and included 

Leach’s Podocerus in the synonymy. 


1847. 


Thompson, W. (Ann. Mag. Nat. Hist. 20, No. 133, p. 244) followed Milne- 
Edwards in considering falcatus Mont. and pelagica Leach as one species and 
recorded it as Cerapus falcatus Mont., from Strangford Lough and Donaghadee, 
N. Ireland. 


1847. 


White, A., List of the Specimens of Crustacea in the Collection of the British 
Museum, London, pp. 89-90 gives the following four species : 
Podocerus variegatus Leach. 
Podocerus pulchellus Edw. (syn. Jassa pulchella Leach) ; 
Cerapus pelagicus Edw. (syn. Jassa pelagica Leach); Cerapus falcatus Mont. 
(syn. Cancer (Gammarus) falcatus Mont., Cerapus pelagicus Edw. (not 
Jassa pelagica Leach)) ; 


1850 and 1857. 


In his 1850 List of the Specimens of British Animals in the Collection of the British 
Museum. Pt. IV. p. 54, Crustacea, he gave the same four species but reverted to the 
use of Jassa with Cerapus as a synonym. In A Popular History of the British 
Crustacea, pp. 197-8, pl. X, fig. 8, he followed Spence Bate’s arrangement, published 
in the same year, 1857. He kept Jassa distinct from Podocerus, as in his 1850 list, 
although Bate believed the former to be merely the female of the latter. But the 
inaccuracies of previous authors’ descriptions and figures were still perpetuated— 
such as, e.g., in the generic account of Podocerus ‘the lower antennae without 
flagellum’; the repetition of Milne-Edwards’s error of the ‘dorsal teeth’ in 
P. variegatus ; the second gnathopod hand of P. pulchellus ‘ armed beneath with 
two rounded teeth’; and that of Jassa falcata (apparently from Montagu’s drawing) 
‘with two spines on the inner edge’. He gave a figure, by Spence Bate, of * Jassa » 
pelagica Leach’ (Pl. X, fig. 8) which is almost identical with Spence Bate and 
Westwood’s figure of Podocerus variegatus, with the same colour distribution, pale 
yellow with dark brown patches. White considered Johnston’s Gammarus spinipes 
(1829, p. 417) as perhaps referable to Jassa falcata. 


1851. 

Lilljeborg, W. Norges Crustacéer . .. in Oversigt Kongl. Vetenskaps-Akad. 
Forhandl., 8, No. 1, p. 23, Stockholm, referred his Jassa material to Ischyrocerus 
anguipes Kroyer and Ischyrocerus (Podocerus) calcaratus (Rathke). The former is 
_-not Kroéyer’s species, however, but is the same as the latter, both being synonyms 
of Jassa falcata (Montagu). 


1852 a. 

Dana, J.D. Amer. Journ. Science and Arts (2), 14, No. xli, Appendix, followed 
Milne-Edwards in uniting Jassa with Podocerus and_ established a new genus 
Cratophium which, as he himself says, differs from Podocerus only in the absence 
of an accessory flagellum to the superior antenna ; and 


1852 b 


é : oe ’ ys, 
In his Report on the U.S. Exploring Expedition, 13, Pt. 2 (p. 841, PI. 56, fig. 2 a—o), 
published ae in 1852, he described and figured both sexes of Cratophium validum 
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n.g.andsp. There can be no doubt but that he was dealing with Jassa falcata, a 
fact which was recognized by Spence Bate (1857, p. 148; 1862, p. 252, Pl. xl, 
fig. 9) and Stebbing (1888, pp. 261 and 1130). 


1856. 


Gosse, P. H., A Manual of Marine Zoology for the British Isles. Pt. I, pp. 140-1, 
London, records Jassa falcata (Mont.) under two names: Cerapus falcatus and 
Podocerus pulchellus, both genera being inaccurately defined. 


1857. 


Costa, A., Mem. Acad. Sci. Napoli, 1, pp. 176 and 230, records Jassa falcata 
from the Gulf of Naples as Podocerus calcaratus Rathke. 


1856 and 1857. 


Spence Bate, C., Report Brit. Assoc. Adv. Sci. for 1855. Ann. Mag. Nat. 
Hist. (2), 17, p. 148, drew up with Westwood a classification of the Amphipoda which 
he used in all his later works (1862, 1863-8). At first he divided the family 
Corophiidae into Nidifica and Tubifica, according as the animal constructed nest- 
shelters or tubes, but later he abandoned these terms as being of too arbitrary a 
character, the habits of an animal not being as reliable as its structure for purposes of 
classification (1862, p. 273). He united Podocerus and Jassa under the former name, 
as he considered the differences to be merely sexual. He also included Cratophiwm 
validum Dana in the synonymy of Podocerus pulchellus (Leach). 


1858. 


Spence Bate, C., Ann. Mag. Nat. Hist. (3), /, pp. 161-9, 317, and translation 
in Ann. Sci. Nat. Zool. Paris, 9, pp. 255-64, 1 pl. This paper deals at considerable 
length with the ‘ Nidification of Crustacea’. The nests of Podocerus pulchellus were, 
he said, of a more decided form than those of any other species examined, being 
pear-shaped, narrow at the base and broad above, with the entrance at the side near 
the top. The nests appeared to be composed of fine grains of sand or fine mud, 
cemented by some glutinous material produced by the animal. He considered that 
the young were nurtured and protected within these structures which he termed 
‘nests’. The editor of the French journal in which the translation appeared (p. 255) 
writes : “expression employée par M. Bate pourrait donner une idée un peu inexacte 
~du phénoméne quwil décrit ; ce n’est pas un nid, c’est-a-dire une espéce de berceau 
pour leur progéniture que ces animaux construisent mais un géte pour s’y loger 
eux-mémes’. In our opinion the editor was correct ; in the laboratory the young 
Jassa, within a very short time after their extrusion, scatter to the farthest limits 
of the parental brood-bowl, each rapidly making a nest for itself. Those constructed 
against the glass sides of the bowl can be easily seen with a lens, transparent, made 
of the cement secreted by the glands of the anterior peraeopods, shaped rather like 
a sleeping bag, open at top and bottom so that the young amphipod could use either 
entrance. If undisturbed it usually kept its head and antennae, and sometimes its 
gnathopods, out at the top, close to the surface of the water. It seems that the 
nests are very rapidly built, and used simply as shelters, and that the animals could 
and did enter any nest near at hand, on the any-port-in-a-storm principle. They 
do not seem to be the exclusive property of the individual builders. 


1859. 


Danielssen, D. C., Kgl. vidensk.-selsk. Skrifter, 4, H. 2, p. 111, Trondhjem, 
placed Rathke’s two species calcaratus and capillatus in Leach’s genus Podocerus. 
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1859-60. 


Bruzelius, R. M., K. Svenska. vetenskaps. Akad. Handlingar, 3, No. 1 
(1859-60), pp. 18-23, 1862, deals with three species which he named: Jassa pelagica 
Leach [=Parajassa pelagica (Leach)], Podocerus pulchellus Leach [=Jassa falcata 
(Mont.)], Podocerus calcaratus Rathke [=the Narrow Form of Jassa falcata ; full- 
grown g, 2 and young ¢ are all well described]. Leach had named pulchella as the 
type of his genus Jassa. Bruzelius commented on the differences between the 
antennae, notably the presence of a secondary flagellum on the first antenna in 
pulchella and its absence in pelagica. In fact, there is a rudimentary secondary 
flagellum in pelagica but it is so minute that it has frequently been overlooked, 
whereas in pulchella it is large and plainly visible. 


1861. 


Kinahan, J. R. Report Brit. Assoc. Adv. Sci. Oxford, 1860, p. 31 records 
Podocerus falcatus and variegatus from Dublin Bay. 


1862. 


Spence Bate, C., Catalogue of the specimens of Amphipodous Crustacea in the 
collection of the British Museum. London (pp. 252-255, Pl. 43, figs. 8-10; Pl. 44, 
figs. 1 and 2; pp. 273-5, Pl. 46, fig. 8), and 


1863-1868. 


Spence Bate, C., and Westwood, J. O. A History of the British Sessile-eyed Crus- 
tacea, 1, 1863, pp. 434-449 ; 479-483; 2, 1868, pp. xii, xxxviii and lii. In these 
works the generic name Podocerus is used (synonymy: Jassa Leach; Ischyrocerus 
Kroyer ; Cratophium Dana and Elasmopus Costa). Spence Bate’s authority carried 
weight and Jassa remained merged in Podocerus till 1899, when the research of 
Stebbing and Walker proved not only the validity of Leach’s Podocerus, (and its 
type species P. variegatus), but also the fact that the two genera are distinct, which 
led to the re-establishment of Jassa as a separate genus. 

Since Spence Bate (1862, 1863 and 1868) has been responsible for much of the 
confusion centering around Podocerus and Jassa, the following table of his names, 
with their equivalents as revealed by our breeding experiments, may be useful. 


Spence Bate’s name References Modern name 

Podocerus pulchellus 1862, 253, Pl. 43, f.8 | =full-grown male of Narrow Form of 
1863, 436 and fig. yf Jassa falcata. 

Podocerus validus 1862, 253, Pl. 43; f. 9 =male and female of Broad Form of 

Jassa falcata. 

Podocerus variegatus ; es pe 5 a f. 10 =female of Broad Form of Jassa falcata. 

Podocerus falcatus 1862, 255, Pl. 44,f.1 | =small but sexually mature male of 
1863, 445 and fig. Narrow Form of Jassa falcata. 

Podocerus pelagicus 1862, 255, Pl. 44, f. 2 =young female of Narrow Form of 
1863, 447 and fig. Jassa falcata. 


1864. 


Miller, F., Fir Darwin, Leipzig. (English translation by W.S. Dallas, 1869.) 

In this well-known work many points in the developmental history of the Crustacea 
are discussed, one of which—the occurrence of dimorphic forms of the male in certain 
species—has some bearing on the problem of Jassa falcata. Miiller investigated the 
phenomenon in Tanais and Orchesiia, especially as it affected the antennae and the 
second gnathopod-hands. He came to the conclusion that in the cases cited, the forms 
were truly dimorphic, a statement which aroused much controversy amongst 
carcinologists in later years (see Faxon, 1884 and Bonnier, 1890 etc.). 
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1866. 


Heller, C., Denk. K. Akad. Wiss. Math. Naturw. Cl. 26, pt. 2, pp. 45-6. PI. 7, 
figs. 4-5, recorded under the genus Podocerus Leach, five species taken at Lesina, 
two of which are now included in the synonymy of Jassa falcata (Mont.). One, 
which he identified as Podocerus pulchellus Leach, was represented by a single 
specimen ; the other he described as a new species, Podocerus monodon, but his 
careful description and the figures show that this is unquestionably the young male 
of J. falcata, at the same growth-stage as the Narrow-Form young male shown 
here in Pl. 12, spec. 7 (which occurred many times in our experimental work in the 
Plymouth Laboratory). Boeck (1870, p. 249) placed monodon in the synonymy 
of Podocerus falcatus Montagu, and later, considering it to be the female of this 
species, he entered it as such in the synonymy given in 1876 (p. 606). The young 
males certainly do resemble the females very closely at first, until, at the onset of 
sexual maturity the modifications of the second gnathopod hand begin, and even 
then with their small size it is difficult at this monodon stage to distinguish between 
them. Sars (1894, p. 595) did not agree with Boeck’s conclusions, nor did Stebbing, 
who referred to it as Ischyrocerus monodon (1906, p. 662). 


1867. 
Marcusen, J., Archiv. Naturg. 33, Bd. 1, Berlin, p. 360), recorded three species 
from the Black Sea as ‘ Podocerus pulchellus M.-Edw ; Podocerus ahnlich dem falcatus 
Sp. Bates and Podocerus ahnlich dem pelagicus Sp. Bate’. He evidently had all 
stages of Jassa falcata Mont.,—old and young males and females. 


1867. 
Sars, G. O., Histoire naturelle des Crustacés d’eau douce de Norvége. 1. Les 
Malacostracés, deals at some length with the sensory organs of Gammarus (Pl. 7, 
figs. 16, 17 and 22) ; the details are practically the same for Jassa. 


1868. 
Czerniavski, W., Podocerus dentex n. sp.(Petrop. Syezda Russ. Est. Syezda, 1. Zool. 
p. 100, PI. 6, fig. 35). The history of this species is also rather complicated. It was 
first established in 1868 by Czerniavski and referred to later by Sowinski (1880, 
tab. 4, fig. 8) as P. dentex (with P. ocius Sp. Bate, P. pulchellus M.-Edw. and P. falcatus 
Sp. Bate assynonyms). His description and figures, however, in particular that of the 
hand of the second gnathopod (tab. 4, fig. 86), show that he, like Czerniavski, was 
dealing with specimens of P. ociws. Later Sowinski (1897, pp. 14-15) himself 
considered dentex to be a synonym of P. ocius; also Della Valle, 1893, p. 448 ; 
Chevreux, 1900, p. 107, and Walker, 1910, p. 33. Stebbing, however, accepted it 
as a distinct species which he called Jassa dentex (Czern.) with Podocerus herdmani 
Walker and P. odontonyx Sars in its synonymy (1899, p. 350). This view he 
elaborated in Das Tierreich (1906, p. 653) but in an endeavour to make his diagnosis 
wide enough to include all the characters of the different forms (dentex Czern. ; 
herdmamt A.O.W.; falcatus var? A.O.W.; ocius Della Valle and Sowinski- 
odontonyx Sars), he appears to have lost sight of the original definition of the species. 
As Walker (1910, p. 33) pointed out, Czerniavski’s description of the hand of the 
second gnathopod includes ‘ dentibus duobus posterioribus magnis ’ which does not 
apply to his species herdmani=odontonyx Sars, but agrees perfectly with ocius 
Sp. Bate. Stebbing’s description of the second gnathopod of dentex as ‘ with a stout 
tooth close to the finger-hinge, and another prolonged from the hind margin 
both teeth sometimes bifid ’ is also erroneous. In ocius, of which dentex is a synonym, 
there are two teeth or processes prolonged from the hind margin, but the tips are 
entire, never bifid ; in herdmani there is only one and that also is never bifid. His 
error is due to his considering the two (ocius and herdmant) identical and to his 
acceptance of Walker’s original figure as correct, whereas Walker himself had 
pointed out that it was wrong (Walker, 1893, p. 79) 


. 
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Many later writers have followed Stebbing, including Chevreux and Fage 
(1925, p. 348) who regard Jassa dentex (Czern.) as a distinct species, with Podocerus 
odontonyx Sars as a Synonym and ‘ trés voisin de J. pusilla.’ The figure they give, 
however, is that of the young male of Jassa falcata, at the same stage as Montagu’s 
type, Walker’s herdmani and Sars’ odontonyx—i.e. the stage characterized by the 
short thumb or ‘ tooth ’ in the middle of the posterior margin of gnathopod 2, and 
the dentiform projection on the inner margin of the- claw. Their description, too, 
agrees with falcata and not with ocius. A number of specimens sent in the last few 
years for re-examination labelled ‘ dentex (Czern.)’ were all without exception falcata, 
and it would appear that all ‘ dente ’ references for years past are stages of falcata. 


1869. 

Nardo, G. D., Annot. Crostacei d. Mare Adriatico. Mem. Ist. Veneto, 14, 
pp. 23-25, 115-116, tav. 4, fig. 7 a-c. Nardo here redescribed Chiereghini’s species 
Cancer algensis for which he had made a new genus, Lusyta, in 1847. He now stated 
that Leach had seen Chiereghini’s work in 1822 and had written under the figure of 
this species the generic name ‘ Podoceros’ without indicating the species. Nardo 
differed from Leach in this identification and so also did Stebbing, who finally left 
it in the ‘ doubtful genera’ (Das Tierreich, 1906, p. 715). Carus, however, con- 
sidered it a synonym of Podocerus and gave it as such in his Prodromus Faunae 
Mediterraneae, 1885, p. 394, while Della Valle (1893, p. 386) agreed with Stebbing 
in removing it from that genus and identified it with Hrichthonius difformis. 


1869. 


Norman, A. M., Rept. Brit. Assn. Adv. Sci. Norwich, 1869, p. 285, recorded 
Podocerus pulchellus (Leach) and P. falcatus (Mont.) as the male, and P. pelagicus 
(Leach) as the female, of Podocerus falcatus. 


1870. 

Boeck, A., Vidensk.-Selsk. Forhandl. pp. 245-50. In his preliminary treatise 
on the Arctic and Boreal Amphipoda, instituted a new sub-family, Podocerinae, to 
receive the genera, Podocerus, Leach; Janassa,n.g.; and Cerapus Say. He considered 
the genus Jassa Leach, to be identical with Podocerus and therefore, in the 
synonymy of the species, described by him as Podocerus falcatus Montagu, 1808, 
he included both of Leach’s species, J. pulchella and J. pelagica. It is interesting to 
note that Boeck’s investigations of the differing accounts of previous authors led him 
to the conclusion that they were not dealing with separate and distinct species, but 
with one and the same, with its various sexual forms and developmental stages. 

Montagu’s species he rightly referred to the young male, as also ‘ Jassa falcata 
Leach,’ and Milne-Edwards’ Cerapus pelagicus. To the adult male he ascribed 
~ Jassa pulchella Leach, Podocerus pulchellus Milne-Kdwards, and Podocerus calcaratus 
Rathke. As representing the female, he gave Jassa pelagica Leach, and Podocerus 
pelagicus Spence Bate, but here with regard to Leach’s species he was misled, as was 
Spence Bate also, by that author’s inadequate description and lack of figures. Later 
research has shown that they belong to two different genera, and that Spence Bate’s 
_ description and figures refer to the female of Jassa falcata (Mont.), while Leach’s 
species is not a Jassa at all, but belongs to a completely different genus now known 
as Parajassa Stebbing (see p. 49). 

The new genus, Janassa, was established by Boeck to take the place of the 
genus Jassa Leach, as re-defined by Bruzelius to include Jassa pelagica Leach (as the 
type species) and Podocerus capillatus Rathke (see p. 59), Boeck named Podocerus 
variegatus Leach as the type species of Janassa, identifying it wrongly with Rathke’s 
P. capillatus, but, as has been previously shown, Rathke’s species is only a synonym 
of Leach’s Jassa pelagica, and as Leach’s species is definitely not a Jassa though 
incorrectly placed in that genus, Stebbing (1899, p. 240) therefore instituted a new 
genus Parajassa to receive it, and kept it as the type. Boeck’s name Janassa, 
being already preoccupied, therefore lapsed. (See also Boeck, 1876.) 
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1871. 


Metzger, A., Jahresb. naturforsch. Ges. Hanover, No. 20 for 1869-70, p. 32, 
records a Podocerus sp. as frequent among Sertularia on the coasts of East Friesland. 
In 1875 (Jahresber. Comm. Wiss. Unters. deutschen Meere in Kiel fiir die Jahre 
1872, 1873, Berlin, p. 279) he again recorded Podocerus falcatus Montagu (syn. Jassa 
pulchella Leach=3; J. pelagica Leach=Q; P. calcaratus Rathke=), following 
Boeck. 


1874. 


Ritzema Bos, J., Bijdrage tot de kennis van de Crustacea Hedriophthalmata van 
Nederland en zijne Kusten, Groningen, pp. 27-28, refers to Podocerus pelagicus Leach ; 
this is not Leach’s species, however, but is the pelagicus of Spence Bate=@ of Jassa 
falcata (Mont.). 


1874. 

McIntosh, W. C., (Ann. Mag. Nat. Hist., (4), 74), under the name of Podocerus 
falcatus Montagu (with the P. pulchellus and P. pelagicus of Sp. Bate & Westwood 
as synonyms) recorded this species at St. Andrews, on the east coast of Scotland 
(p. 270). He noted it as occurring at different depths, in the rock pools on Ceramium 
rubrum, in the Laminaria region beyond, and from the stomachs of flounders. The 
colour is given as sometimes gaudily tinted with reddish brown and white, and with 
red bars on the inferior antennae. 


1876. 

A. Boeck’s monograph on De Skandinaviske og arktiske Amphipoder, vol. 2, 
was published in 1876. He did not live to finish it himself, but the work was 
completed after his death by his brother from the mass of manuscript notes and 
figures he had left. Unfortunately, as Sars says (1894, pp. vi, vii), though the brother 
accomplished this with great skill, he was not a zoologist, and several grave errors 
were incorporated in the text, which, with a too great reduction in the reproduction 
of the original figures, has detracted from the value of the work. Sars, when preparing 
his Crustacea of Norway, examined Boeck’s vast collection of Amphipoda, and was 
able to rectify many of these mistakes. 

From the clear and detailed description of the specific characters of ‘ Podocerus 
falcatus Montagu, 1808 ’ (pp. 603-6), it is evident that Boeck’s specimens belonged to 
the Narrow-Form of the species, and the figures also, though unfortunately very 
small, show that all the different stages were present in the collection, the female, 
Pl. 217, fig. 4 ; the young male at the same stage as in Montagu’s figure, Pl. 27, fig. 7 ; 
and the adult male, Pl. 28, fig. 2. 

The distribution of the species is given as from Tromso (Danielssen), the Norwegian 
and English coasts, to Naples (Costa) and the Adriatie (Heller). Boeck’s own 
specimens were taken at Haugesund in 20 fathoms depth. 


1877. 


Meinert, Fr. V. A., Naturhist. Tidsskrift. III, Bd. 2, pp. 156-7, gives Podocerus 
falcatus Mont. with synonymy after Boeck. 


1877. 

Stalio, L., Atti dell’Istituto Veneto di. Scienze... (5) 3, pp. 169, 190, 
quotes Heller’s 1866 record of Podocerus pulchellus Leach from Lesina, though he 
omitted to mention P. monodon Heller and P. ocius Sp. Bate from the same locality. 
His account of P. pulchellus is after Milne-Edwards (1840). 


1879. 
Hoek, P. P. C., ‘vijdsch. Nederl. Dierk. Vereen. 4, pp. 120-29, pl. 8, figs. 13-15 ; 
Pl. 9, figs. 1-3. His discussion of this species under the name of Podocerus falcatus 


eae is a very important contribution to our knowledge of its structure and 
abits. 
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_He procured all his material from one of the buoys marking the channel between 
Vlieland and Terschelling. He stated that it all belonged to one species, Podocerus 
falcatus, though Spence Bate and Westwood had made three species of it, Podocerus 
pulchellus, P. faleatus and P.-pelagicus, and that Norman (1868) had followed them, 
suggesting however that P. pelagicus and P. falcatus should represent the two sexes. 
Boeck (1870) considered, as did Metzger, that the three should be united, and with 
this Hoek agreed. He pointed out that the specific distinguishing characters given by 
Spence Bate and Westwood were based almost entirely on the second gnathopod 
hand, which, as was well known, varied greatly in the two sexes, and that, and the 
difference in antennae length, another given character, were not sufficient to justify 
splitting the one species into three. 

Hoek’s specimens belonged to the form we have called the Narrow-Form, 
and his observations on them and excellent figures are of great interest. He showed 
how impossible it is to use the relative lengths of body and antennae as specific 
characters, illustrating this by examples from previous authors ; but he was the first to 
note that the differences in the length, strength and sensory armature of the male 
antennae could be correlated with the differences in the shape and development of the 
second gnathopod hand. 

He gave four figures of this hand of the male, showing how they differ in the shape 
of the ‘thumb’ process (‘in der Breite, und in der Lange des Fortzatzes an dem 
Palmarrande ’) and in the under margin of the claw. He noted also the important 
point that the three short strong teeth, or spines, behind the palmar angle,which 
are found in the female and in all the young male specimens where the thumb is small, 
are absent when it becomes more strongly developed in the older males. 

Hoek drew attention to the fact that his figure (Pl. 9, fig. 3) of the most fully 
developed second gnathopod hand was drawn from the smallest male he examined ; 
the much larger one in fig. 1 from a much larger but younger male. The descriptions 
of Spence Bate & Westwood, and Boeck showed fig. 3 as in complete agreement with 
the adult animal, P. pulchellus, the characters of fig. 1 as belonging to the younger 
form P. falcata, but Hoek found the reverse to hold good in his specimens, his larger 
ones, with larger hands, were the younger. This brings us back to one of the great 
difficulties in the Jassa work, viz., the extraordinary variation in size, not only 
between members of the same growth stage, but even between animals of the same 
age and from the same brood. 

On comparing Hoek’s illustrations (PI. 8, fig. 15 ; Pl. 9, figs. 1, 2 and 3) with the 
Laboratory breeding experiment results (Pl. 9, figs. 16, 15, see specs. 7, 13 and 12 of this 
paper), it will be seen that all the stages he figured are present in the same brood, 
in this case, from a large Narrow-Form female.* The curious size variation is seen 
here, as it is all through the experimental work in the broods from both Broad- 

and Narrow-Forms. Some of the males of the same age, found breeding, had hands 
perfectly developed like the parent male, though only half the size, while others, 
smaller, were of the ‘ intermediate ’ or the short thumb form. 

He also described the cement-glands in some detail, and discussed the structure 
and function of the various sensory organs. 


1879. 


Haswell, W. A., Proc. Linn. Soc. New South Wales, 4, p. 338, described as new 
a Podocerus obtained by dredging at Port Jackson, N.S. Wales. ‘This he named 
Podocerus australis, but his description and figures, inadequate as they are and 


* Hoek’s Pl. 8, fig. 15 is the same stage as our spec. 7, Pl. 12, with the spine-group below the 
palmar angle, and with the hand about equal in size to that of a fully mature female of the 
same brood, 3°5 mm. length. Pl. 9, fig. 1=our spec. 12, Pl. 18, the falcata stage, a little larger 
than spec. 7, though a month younger also with the spine-group below the palmar angle and a 
hump on the under margin of the claw. J 

Pl. 9, fig. 2=our spec. 13, Pl. 19, taken at exactly the same age as spec. 7 above, had the 
hand quite a third longer, with thumb developed, and the angle spine-group gone. It is only 
half the size of a full grown male. 
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inaccurate also in some details, leave no doubt as to the identity of the species with 
Jassa falcata (Mont.). It would appear to be the Broad-Form, judging from the 
broad flagellum of the second antenna and the breadth of the large thumb of the 
second gnathopod hand as here figured (Pl. 24, fig. 8). In the text the thumb is 
incorrectly represented as arising, not from the 6th joint or hand, but from the 5th, 
‘carpus produced at its inferior and distal angle into a long, curved, compressed, 
pointed process, which nearly equals the propodus in length’. The flagella of the 
superior and inferior antennae are given as ‘ obscurely multiarticulate ’ with no 
indication of the number of their joints; the secondary flagellum of Antenna 1, 
uni-articulate, is included in the account of the inferior antenna instead of the 
superior. 

ore his Catalogue of the Australian Stalk- and Sessile-Eyed Crustacea, Australian 
Museum, Sydney, 1882, pp. 270-1, he repeated verbatim his description of P. australis. 
He added a definition of the genus Podocerus in which the position of the secondary 
flagellum is correctly given as on the superior antennae. 


1880. 


Nebeski, O., Arb. Zool. Inst. Wien, 3, pt. 2, pp. 5-9, 37-44. This was a valuable 
contribution to the history of Jassa falcata (Mont.). Although he was handicapped 
by the inadequacy of the earlier descriptions and figures of the species, and by the 
conflicting ‘ identifications ’ of previous authors, his conclusions were sound, based 
as they were on the evidence of an ample supply of material from Trieste Harbour. 
From the examination of this he recognized the fact that the four ‘ species’ of 
Podocerus enumerated by Spence Bate, viz.,variegatus, pelagicus, pulchellus and falcatus 
were all forms of a single species, P. falcatus Mont., being partly distinctions of sex 
and partly stages of growth; and that the differences between ‘the forms were 
principally restricted to the hand of the second gnathopod and to the size proportions 
of the antennae. 

With regard to the three last mentioned species, he says that Boeck (1870) and 
Hoek (1879) had already proved that they represented one species only, pelagicus, 
corresponding to the female, and the two others to the male (though they disagreed 
on the question of development, Boeck holding that pulchellus was the adult and 
Hoek that falcatus was the older). Nebeski considered both to be completely 
developed males, the largest specimens of each being subequal in length, but with the 
hand considerably larger in pulchellus. 

He was the first to note the difference between the females, although he attributed 
it to age only. He described the smaller form, the P. pelagicus of Spence Bate, 
as the young female, with slender hand, and long slightly indented palmar margin, 
antennae weak ; and the larger P. variegatus of the same author as the fully adult, 
having a broad oval hand, with a deep indentation of the short palmar margin and 
strong antennae. ‘hese are the forms we regard as the females of the two Jassa 
falcata Forms, the Narrow non-plumose and the Broad plumose, both of them adult 
and breeding, not, as Nebeski says, growth stages of one form, but distinct and 
corresponding with the males of the two Forms (pp. 35-37 and figs.). 

In discussing the male and its development Nebeski stated his opinion that both 
Boeck and Hoek were mistaken in regarding pulchellus and falcatus as growth stages, 
one of the other ; and that he considered there were two distinct lines of development 
(‘ Entwicklungsreihen ’), leading in the one case to the ‘ Pulchellus-Form,’ and in the 
other, to the ‘ Falcatus-Form’. In support of his argument he gave the sequence 
(ae soyie it) of the growth-stages in the two lines. (Fig. 44. I m.1, 2, 3, 4,5; and 

Tite dares 

His figures, drawn rather diagrammatically, were taken from different specimens, 
the whole attention being concentrated on the one character, viz., the second 
gnathopod hand, with no correlation of this with any of the other features, except 
a passing reference ‘damit gehen zum ‘Theile parallel Differenzen in den Groéssen- 
verhaltnissen der Antennen’. It is a pity he missed the significance of the differences 
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in the armature of the antennae for there can be no doubt but that he had the two 
Jassa falcata Forms, the plumose and the non-plumose, in his material. 

For one thing there is the distinction which he noted between the females, the 
Narrow-Form ‘ pelagicus’ and the Broad-Form ‘ variegatus.’ For another, the 
difference in coloration which he recorded in the two populations examined is one 
of the distinguishing characteristics of the Forms. The animals from amongst the 
light coloured Tubularia had the pale tints and the great reduction of the dark 
pigment in the colour-pattern (i.e. the speckled appearance) of the Narrow-Form, 
while those obtained from amongst the bright coloured Ceramium showed the same 
pattern in the vivid tones and heavily pigmented markings peculiar to the Broad- 
Form. Nebeski counted them as colour varieties associated with the different habitats 
but the variation in depth of colour and amount of pigment seems to hold good. 
no matter where or in what conditions the species lives. 

Nebeski, in his first series (fig. 44, J m. 1-5) figured the stages of one of his ‘ lines 
of development’, the ‘ Pulchellus-Form.’ It begins with m.1, the young male 
(resembling the female), before differentiation takes place ; m.2 a stage older, showing 
the commencement of the change at the palmar angle which precedes the appearance 
of the ‘ Thumb ’-process. This is the stage we have called the ‘ Cut-across ’ because 
the hind-margin of the hand pushes out from the extreme end of the palmar margin 
in a straight clear-cut line to end at the point of the palmar angle (see Pl. 73, 
spec. 8a b). Then follow according to Nebeski two stages, I m.3 and I m. 4 (those 
described here as ‘ Intermediates’, p. 39) ; and lastly m.5, the adult fully developed 
Broad-Form male which Nebeski regarded as the final stage of development, although 
as far as one can see he had no proof to offer as evidence of the passage of the m.4 
stage into the m.4. 

In Nebeski’s second series (fig. 44, IZ m.1; m.2) the ‘ Falcatus-Form’, the two 
stages represented are in fact those preceding the large Major-Form male (I m.5), 
as can be seen in the figures referred to above, all taken from the same specimen 
(figs. 8a & bin Pl. 13, & fig. 8cin Pl. 14). 

In the Laboratory breeding experiments already mentioned, as well as in the 
collections examined, all these variations and some others have occurred in both the 
Forms, but so far the problem of the Intermediates has not been solved. qi 

These last are characterized by their small size, apparently never reaching more 
than about half that of the large Forms. They have the same setose armature of 
the antennae, and the same correlation of broad hand with plumose antennae, 
and narrow hand with non-plumose, but the shapes of the thumb are different. 
It is short and usually pointed at the tip, although it may be broader sometimes 
and truncate, or it may be set at a different angle on the palmar margins. For a 
further discussion of this subject, see Section II B, p. 39. 

Nebeski discussed the nature and structure of the unicellular cement glands 
and their secretory apparatus, the possession of which in the 3rd and 4th thoracic 
appendages is a character of all the Corophiidae, ‘und, das umsomehr, als in diesen 
anatomischen Verhaltnissen die Bedingungen gegeben sind fir die eigenthtimliche 
Lebensweise dieser Amphipoden, deren Biologie uns eine Reihe interessanter 
Erscheinungen vorfihrt’. The whole apparatus, most developed in Podocerus 
~ falcatus is described, and an interesting account given of the method of nest building 
and mode of life among the algae and hydroids, the principal organs concerned and 
modified, apart from the gland-bearing appendages, being the telson and the 

8. 
ead observations made during the constructions of the ‘nests’, or tubes 
serving as dwellings, showed that the animal holds itself fast in place and position 
with its hinder peraeopods, while, with the Ist and 2nd peraeopods in constant 
movement, it spins round about the building material and so knits it together with 
the threads of the secretion. The claws of these appendages are perforated to allow 
of the extrusion of the cement, which hardens in the water. 
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1880. 


Sowinski, W., Mém. Soc. Kiev. 6, p. 110, pl. 4, fig. 10, records Podocerus dentex 
Ozerniavski 1868, but like that author, he was dealing with P. ociws Sp. Bate (see p. 56). 


1883 and 1884. 


Chilton, C., Trans. Proc. N.Z. Inst. 15, p. 84, pl. 3, fig. 2 ; 16, p. 258, described 
two new species of Podocerus from New Zealand, namely, P. frequens and P. latipes. 
The former was said to be quite closely related to P. validus Dana. Stebbing (1906, 
p. 656) regarded Jassa frequens (Chilton) as a species distinct from J. falcata— 
frequens being the 2 and latipes the male. Chilton later accepted this and gave 
adequate figures of both sexes (1921, Trans. N.Z. Inst. 53, p. 227, fig. 4). He also 
included P. validus Dana in the synonmy of J. falcata (Mont.). 


1883. 


Marion, A. F., Mém. No. 1, Ann. Musée d’Hist. Nat. de Marseille. Zool., 7, p. 49. 
Podocerus pulchellus Leach, amongst ‘ algues encroutées de calcaire’. 


1883. 


Thomson, G. M., N.Z. Journ. Science, 1, No. 11, p. 517, recorded Podocerus 
validus Dana [=J. falcata (Mont.)] from Rio de Janeiro ; its “ nests ’ were so abundant 
on the thoracic sternum of Palinurus that he regarded it as a ‘ commensalist ’ of 
the crawfish. 


1883 and 1884. 


Blanc, H., Zool. Anz., 6, No. 143, pp. 370-2, and Nova Acta K. Leop.-Carol. 
Deutsch. Akad. Naturf. Halle, 48, No. 2. pp. 44-51; 79-82; pl. 4, figs. 96-101, 
reviewed the more recent work on the sense organs ; he regarded the ‘ calceoli’ as 
auditory and the ‘ Riechzapfen’ (‘ batonnets hyalins’) as olfactory (as had Sars, 
Leydig and de Rougemont). He recorded Podocerus falcatus Mont. from Kiel, with 
twelve synonyms, showing where previous authors had been misled into describing 
different sexual and developmental stages of this animal as distinct species. He 
followed Nebeski (1880) in uniting pelagicus, pulchellus, falcatus and variegatus ; he 
had only two young males of the ‘ falcatus ’ stage, while his young females agreed with 
Sp. Bate’s definition of P. pelagicus, the older females with that of P. variegatus. His 
specimens came from very quiet water, and had made their nests on dead seaweed, and 
they were of a grey colour, spotted with black chromatophores—thus harmonizing 
with the grey sand of their environment. He agreed with Sp. Bate’s suggestion 
that the hooked spines on the third uropods are probably used to draw the animal 
back into its tube, rather than with Nebeski’s idea that they anchor it in its tube 
against the force of the waves. 


1884. 


Chevreux, E., Assoc. Franc. Avanc. Sci. Congrés de Blois, recorded the rather 
rare occurrence of Podocerus variegatus Leach on the Corallina officinalis and the roots 
of Laminaria on the pier. This is not Leach’s species, however, but Spence Bate’s, 
as may be gathered from Chevreux’s own statement that he identified his species 
mainly from the descriptions given by Spence Bate and Westwood. In that work 
the description and figures wrongly named ‘ P. variegatus Leach’ by Bate were 
taken from an adult female of Jassa falcata (Mont.). : 


1884. 


_ Faxon, W., Amer. Journ. Sci., (3), 27, pp. 42-44, found that the so-called 
dimorphism in males of the genus Cambarus (crayfishes) was due to an alternation 
between breeding and non-breeding phases. He thought that the same explanation 
might hold good for Tanais and Orchestia (Miller, Fiir Darwin, see p. 55) 


. 
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1884. 


Miers, E. J., Crustacea in : Report of the Zoological Collections made in the Indo- 
Pacific Ocean during the Voyage of H.M.S. ‘ Alert’, 1881-82. Part 11, London, 
pp. 319-20, recorded the capture of five male specimens of Podocerus australis 
Haswell, taken from the weed on the ship’s bottom at Port Jackson, the same locality 
from which Haswell’s original type specimens were obtained by dredging. 

Miers considered the species to be very nearly allied to the British Podocerus 
Jalcatus Montagu, and to Dana’s P. validws from Rio Janeiro, by the form of the 
second gnathopods. He had not been able to compare it with the latter species, 
but thought that the specimens of P. australis which he had examined were 
“ apparently distinguished from P. falcatus by the flagellum of the inferior antenna’. 
This he described as having a very long, stout basal joint, much exceeding the 
united length of the remaining two or three flagellar joints—a description in fact 
of the antennal characters of the Broad-Form of Jassa falcata. 


1885. 


Carus, J. V., Prodromus Faunae Mediterraneae, Stuttgart, 1, pp. 394-5, placed 
the genus Podocerus Leach in the family Corophiidae Dana, and included in its 
synonymy Cratophium Dana, Elasmopus A. Costa, and Lusyta Nardo. 

In the diagnosis of the species Podocerus falcatus Mont., he distinguished correctly 
between the males ‘ J processu aut magno } longitudinis manus aequante antrosum 
directo (P. pulchellus) aut humiliore (P. falcatus)’. The specific synonyms given were 
“ P. pulchellus Leach [P. calcaratus Rathke] 3, P. pelagicus Sp. B. 9, P. variegatus 
Bp. Bb. 2": 

: Siena aeiah i of P. monodon Heller was not recognized by Carus, and he 
therefore classified it as a distinct species, ‘manus paris IT oblongo-quadrangularis, 
medio marginis inferioris dente armata, uncinus terminalis margine interno edentulo’. 


1885. 


Gadeau de Kerville, H., Apercu .. . faune actuelle de la Seine . . . depuis 
Rouen jusqu’au Havre. L’Estuaire de la Seine, 2, as Podocerus falcatus Mont. 


1885 and 1887. 


De Guerne, J., Rev. scient, 22me année, No. 11, ‘La Rade de Dunkerque 4 
(p. 327), described the amphipod species Podocerus pulchellus Leach as living in 
innumerable colonies on the buoys and building their nests.in the hydroids which 
covered them. He disputed Spence Bate’s statement (1563, p. 438) that these 
animals go down into deep water during rough weather, and gave various reasons 
for his objections, such as, e.g., the fact that the whole family is found together 
on the buoy, and breeding is carried on there, implying a permanent habitat. 

Later, in 1887, Procés Verbaux Séances Soc. Zool. France, 1/, in his list of the 
amphipods found on the North coast of France, he stated that Nebeski (1880) had 
considered Podocerus pulchellus Leach to be one of the numerous forms which should 
be included in P. falcatus, and that ‘ Janassa variegata’, also referred to in the list, 

~-was regarded by the same author as the adult female of that species. 


1885. 


Koehler, R., Ann. Sci. nat. Paris, 20, art. 4, pp. 9, 27 and 60. ‘ Podocerus 
falcata Sp. Bate > was found in all four Channel Islands, Jersey, Guernsey, Herm 


and Sark. 
1886. 


Thomson, G. M. and Chilton, C., Trans. & Proc. N.Z. Inst., 18, p. 143. 
Podocerus validus Dana. 
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1887 a. 


Barrois, Th., Notes sur quelques points de la morphologie des Orchesties . . . du 
Boulonnais, Lille, pp. 6, 17, drew attention to the difficulties caused on the one hand 
by the sexual dimorphism and, on the other, by the differences between the growth 
stages of the males, differences sometimes so great between the young forms and the 
adult as to look like distinct species. Summing up his argument, he says ‘ lorsque 
Vhistoire du développement postembryonnaire des Amphipodes sera mieux connue, 
il n’est pas douteux qu’on doive souvent ramener & une seule et méme espece des. 
formes décrites comme autant d’espéces distinctes en raison de quelques différences, 
parfois insignifiantes, dans la structure des seconds gnathopodes. C'est ainsi que 
Boeck a réuni sous le nom de Podocerus falcatus, les P. pulchellus Leach, P. pelagicus 
Sp. B., P. monodon Heller, et P. calcaratus Rathke, les considérant comme les stades 
d’une seule et méme espéce A divers états de développement ou comme la conséquence 
d’un dimorphisme sexuel’. 

In his list of Amphipoda from Boulogne he enumerated: Podocerus variegatus 
Leach, P. capillatus Rathke (which he regarded as a simple variety of variegatus), 
P. pelagicus Leach, P. pulchellus Leach and P. falcatus Montagu—all from the same 
habitat and all, according to Boeck, belonging to one and the same species. He 
thought that Nebeski (1880) had completely resolved this question because he did 
not realize that Nebeski had been misled by Spence Bate’s mistaken interpretations 
of pelagicus and variegatus of Leach (see pp. 49-50 and 60). 


1887 b. 


In his Note préliminaire sur la faune carcinologique des Acores, Lille, 1887, p. 11, 
and Catalogue des Crustacés marins recueillis aux Agores, Lille, 1888, pp. 52-54, 
76, 80 and 94, Barrois recorded the occurrence of Podocerus falcatus Montagu. His 
list of fifteen synonyms in the latter work again includes Leach’s two species 
mentioned above and which belong to other genera—Parajassa pelagicus (Leach) 
and Podocerus variegatus Leach (non Bate which=Jassa falcata Mont.). 


1887. 


Bonnier, J., Bull. Sci. Départ. du Nord, (2), 1S, Paris, pp. 340-342, recorded. 
Podocerus falcatus Montagu as very common at Concarneau, on roots of Laminaria 
and in tufts of Corallines. His long synonymy comprises all the principal references 
to the species (sixty-eight) from 1808-1886. Unfortunately he repeated their errors, 
with the inclusion of species belonging to other genera. 


1887. 


Chevreux, E., Bull. Soc. Zool. France, 12, p. 315, recorded Podocerus falcatus Mont. 
from all the coasts of France ; some specimens were found amongst hydroids and 
algae growing on the carapace of Maia squinado trawled from a depth of 70-100 m. 
In the synonymy he gave P. pulchellus M.-Edw. and Bate & Westwood as the male 
the P. pelagicus of Bate & Westwood as the female. To ‘ Janassa variegata ’ Leach 
he gave independent status, with P. capillatus Bate & Westwood as the male. 


1888. 


In 1888 Chevreux (Bull. Soc. Zool. France, 13, pp. 33-4) recorded Podocerus 
lear eee from the Azores : he also mentioned the species in Bull. Soc. d’études 
scient., Paris, 11™° année, ler semestre and in Assoe. franc. A: . Sei. é 
d’Oran (both published in 1888). a abel ae ae 


1888. 


Pfeffer, G., Jahr. Wiss. Anst. Hamburg, 5, pp. 131-7 ; pl 

; , 9, pp. ; pl. 3, Taz Larcre Pouar 
Form : In this year Pfeffer published an important paper dealing with a collection 
of Crustacea from the sub-Antarctic islands of South Georgia. This, the first extensive 


THE MULTIFORM SPECIES JASSA FALCATA 65: 


collection from the Polar regions was made in 1882-3 by the German Expedition 
for the observation of the Transit of Venus, at their station in S. Georgia. 

In the account of the Amphipoda Pfeffer figured thirteen species which he 
considered new to science, one without description, and twelve described in minute: 
detail. One of these of quite remarkable size was named by him ‘ Podocerus ingens: 
nov. spec.’, but was later recognized by Chilton as a large form of Jassa falcata (Mont.). 
At the time at which Pfeffer wrote, the cosmopolitan distribution of J. falcata was. 
not known, and, as Chilton pointed out (1912, p. 459), the idea then prevalent was 
‘that forms from fresh localities were almost necessarily new, and that the 
distribution of nearly all the species of Amphipoda was very limited’. This idea, 
with the knowledge that the only known records of J. falcata were from Kuropean. 
waters, as well as the unusual size of the specimens (26 mm. as compared with the 
10 mm. of the Northern animals) no doubt blinded Pfeffer to their true identity. 

There have been many records since Pfeffer’s time of the occurrence of this form 
in the Antarctic and sub-Antarctic seas, with much argument over its specific status, 
and so much doubt appears still to exist that it will be best to summarize the result 
of Dr. Chilton’s investigation and his reasons for uniting it with Jassa falcata. 

In 1912 Chilton began work in the Plymouth Laboratory on the Amphipoda 
collected by the Scottish National Antarctic Expedition. He was enabled through 
the assistance of many other workers to study the collections and types of all the 
recent international Antarctic expeditions, British, French, Swedish and German, 
and thus to obtain the broadest possible survey of the amphipodan fauna of the South 
Polar regions. 

Most of his own material came from the South Orkney Islands where the 
Expedition ship, the Scotia, had had her winter quarters. In the collection were 
several specimens of Pfeffer’s ‘ Podocerus ingens ’ which Chilton was able to compare 
with the original types, kindly sent to him by Pfeffer himself for this purpose. 

The specimens varied in size, from 26 mm., the length of the type male, to 
12 mm., the average size of the younger animals. The young male which is figured 
here from Pfeffer’s collection in Pls. 27-29, measured 20 mm. from the tip of the | 
rostrum to the end of the telson. ' 

In a paper published the previous year (1911, p. 212), Sexton had described 
what she considered to be two definite forms of the fully adult male: the first, 
the Broad-Form, with plumose swollen second antennae, joints more or less coalesced, 
second gnathopod hand swollen and thumb broad ; and the second, the Narrow-Form, 
with second antennae slender, joints distinct, non-plumose, gnathopod hand and 
thumb narrow. 

Chilton was keenly interested in discovering that both these forms were represented 
in the two collections—Pfeffer’s and the Scotia’s, and that they agreed closely with 
Plymouth specimens of all stages of growth. He had no doubt of the complete 
identity of Podocerus ingens with the Jassa falcata of Northern seas, but some of the 
details of the large male seemed to Sexton to differ though only slightly, from the 
forms she had obtained in the breeding experiments. For instance, in the type 
animal, a male of the Broad-Form, though evidently not full-grown, the shape of 
the hand differed from any she had hitherto seen, more rounded, with the thumb 
~ more scoop-like, and the claw closing down over it like a parrot’s beak. In later 
years, however, this form was found in the breeding experiments, in an F, brood 
from Broad-Form parents. Then again, the plumose clusters, so characteristic of 
the Broad-Form second antennae, were absent, and Pfeffer suggested they had been 
rubbed off *, and there was also the unusually great disproportion in the length of 
the antennae (cf. Pl. 24, fig. 18 A). But in these details Pfeffer was again proved 
right—the old Broad-Form animals do lose much of the plumose hairs and setae 
of the antennae, and although the first and second antennae are subequal in the 
young, the second becomes with growth progressively longer and larger than the 


* 1888, p. 134 ‘Die Stammenglieder zeigen nur eine schwache wenig typische 
Pet raictice Banaleane: die bei dem grdésste Sticke véllig abgerieben ist. 
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first (see also Chilton, 1912). The * specimen 18 ’ figured here (Pls. 27-29) is of great 
interest as showing the Large Polar Form (p. 46). It appears to combine the 
distinguishing characters of the two main lines of development of Jassa falcata— 
the distinct joints of the antennal flagellum as in the Narrow-Form with the dense 
plumose clusters of the Broad-Form—and, in this specimen, the second gnathopod 
‘of the Broad-Form (bristle-row on the basal joint, broad and swollen hand and 
thumb). In the instances so far observed the second antennae show this same 
combination of characters, but the second gnathopod may be either of the Broad- or 
cof the Narrow-Form. In Sars’ specimen (see 1895, Pl. 212, p. 594) the second 
gnathopod is of the typical Narrow-Form character ; in Stephensen’s specimen 
(1949) the second gnathopod is like Pfeffer’s type—of the Broad-Form. 


1888. 


Robertson, D., Trans. Nat. Hist. Soc. Glasgow, 2, p. 57, as Podocerus falcatus 
Montagu. 


1888. 


Stebbing, T. R. R., Report on the Scientific results of the Voyage of H.M.S. 
“ Challenger’ during the years 1873-75. Zool. 29, pp. 1129-1136, Pls. 119 and 138 B. 
‘This monumental work is prefaced by a lengthy bibliographical part. Jassa falcata 
is first mentioned in the note on Montagu, 1808 (p. 80) ; there are frequent references 
to it throughout the work, with a long synonymy and discussion of the genus under 
+he name of Podocerus and of the species as P. falcatus (pp. 1129-1133). Of the four 
specimens taken by the Challenger two were referred to Podocerus falcatus (Montagu) 
and two to P. validus (Dana) for, although Stebbing noted their resemblances, he 
failed to recognize their identity. Of his ‘ P. falcatus’ (Pl. 119), the female belongs 
+o the Broad-Form; the young male to the Narrow-Form. The ‘ P. validus’ male 
(Pl. 138 B) is a full grown specimen of the Broad-Form; the specimen was mounted 
in glycerine during the voyage and the figure shows slight distortion of the tip of the 
thumb, due to the angle from which it was drawn. It is always difficult to get a 
correct figure of the thumb; it has the form of a scoop, wide at the base and tapering 
towards the apex, with the concavity facing inwards towards the broad palm, which 
is bordered on either side with tufts of plumose hairs. The thumb itself carries 
clusters of these hairs on its outer sides, both upper and under. (See Pl. 14, spec. 8 ¢ 
and Pl. 7, spec. 1 D). 


1890. 


Bonnier, J., Comptes-rendus, Acad. Sci. Paris, 1/1, pp. 987-989, discussed 
dimorphism in the males of various Crustacea. He described two cases among 
the Amphipoda which he had himself investigated. In these, while both forms of 
male were apparently adult and sexually mature, one was capable of breeding while 
the other was not wntil it had undergone another moult. He concluded, therefore, 
that so-called dimorphism in Crustacea is only the successive stages of a. particular 
male adaptation in the breeding season, comparable with the change of plumage 
in birds and the coloration in fishes during the period of sexual activity. 


1893. 


Chevreux, E. and Bouvier, E. L., Ann. Sci. Nat. Zool. Paris, (7) 15, p. 137, 
record the presence of Podocerus falcatus (Montagu) at Cherbourg, with a note on 


its coloration. In the synonymy Podocerus pulchellus Sp. Bate=full 
P. pelagicus Sp. Bate=9. # P grown 3 and 


1893. 


Della Valle, A., in Fauna und Flora des Golfes von Neapel, Berlin, 20 386 
_ 442-9; Pl. 14, figs. 1-10 and PI. 57, figs. 13-16), dealt at considerable length a the 
genus Podocerus Leach, 1814, and the species P. falcatus (Montagu), 1808. He gave 
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long lists of Synonyms under both genus and species but, casting his net too widely, 
he included many which later carcinologists have shown to be distinct. As already 
mentioned on p. 48, Stebbing (1899) showed that Leach’s genera Podocerus and Jassa 
had been transposed and re-established them as separate genera. According to 
Stebbing’s later classification (1906, Das Tierreich, 21, pp. 603, 647 and 694) the 
true Podocerus Leach belongs to the family Podoceridae. Jassa Leach (with 
Cratophium Dana as a synonym) ; Janassa Boeck (which is now known as Parajassa 
Stebbing) ; Wyvillea Haswell; and Ischyrocerus Kréyer all belong to the family 
Aj assidae. Podoceropsis Boeck and Protomedeia Kréyer are placed in the family 
2m All these were genera listed by Della Valle as synonyms of Podocerus 
each. 

He gave a detailed account of the female of P. falcatus, and from this and the 
figures, it is evident that he was dealing with the Broad-Form of Jassa falcata. His 
Specimens were collected from material taken in cleaning the bottom of a ship in 
the harbour at Naples, from which he inferred that it was only an adventitious 
species which, while able to live in their waters, was not. able to establish itself 
permanently. ‘ 

In describing the male Della Valle stated that the modifications undergone by 
the young animal during development are confined almost exclusively to the form 
and dimensions of the posterior gnathopod hand and claw, but stressed the fact 
that the diversity between the forms is so great that without plenty of material for 
evidence it would seem as if one were dealing with different species. He then made 
the strange statement that these males are found frequently with deformed chelae, 
either from unhealthy moults, or injuries, and gave figures to illustrate some of these 
(Pl. 57, figs. 13-16), but the curious thing is that his figures 13 and 14, which purport 
to be abnormal forms are in fact the normal young ‘intermediate’ males with the 
short pointed thumb, one with a small projection on the inner margin of the claw (or 
finger, and the other with the margin smooth. 

: Della Valle referred to Nebeski’s figures (1880, t. 13), but Nebeski certainly 

considered them normal stages of development (as they are) and not in any way 
abnormalities. Figs. 15 & 16 are said to be from the same individual; if correctly 
drawn, the hand in fig. 15 is very considerably the smaller, with the thumb short 
and high on the palm, and the claw or finger also short ; it looks as if it might be due 
to injury or to be regenerating after an injury. 

Della Valle (p. 447) discussed Chilton’s species Podocerus frequens (1883) and 
P. latipes (1884), regarding them doubtfully as synonyms of Jassa falcata. Podocerus 
dentex Czerniavski (1868) he identified with P. ocius Sp. Bate (1847) and added 
Lusyta algensis Nardo (1847) to the synonymy of Erichthonius difformis (Edwards, 
1830). 


1893 and 1895 a. 


Walker, A. O., Proc. Trans. Liverpool Biol. Soc. (Sixth Annual Report 
L.M.B.C.), 7, 1892-3, p. 79, fig. 13, and Rept. Brit. Assoc. Adv. Sci. Nottingham, 1893, 
pp. 528-9, 535, fig. 2, described a new species Podocerus herdmani allied to Podocerus 
_ falcatus (Mont.) and to Podocerus minutus Sars*, but differing from them in the hand 
of the second gnathopod of the male. The large thumb which in both these species 
“springs from the base of the hind margin was shown by Walker in his figure of 
Podocerus herdmani as much shorter and as rising from nearly the centre. Another 
difference he pointed out was the presence of a prominent tooth on the inner margin 
of the claw in his species. His illustration is however Incorrect and very 
misleading. In order to show their distinction the second gnathopod hands of 
Podocerus minutus and Podocerus herdmani are figured, but in both the tip of the 
thumb is represented as bifid. This, while correct for the former is wrong for the 
latter, and by creating a false resemblance between them, has caused later authors 
to confuse one with the other. 


* Now known as Jassa pusilla (Sars), the specific name of Podocerus minutus having been 
altered by Sars to pustllus in 1894 (p. 596), to avoid confusion with Ischyrocerus minutus Lilljeb. 


5* 
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Walker’s specimen was in fact a young male of Jassa falcata, exactly like 
Montagu’s type specimen (see Pl. 4, fig. 2). He himself soon had doubts about its 
distinction as a valid species. In a letter 10.2.1911, speaking of a colony of Jassa 
falcata he was examining from a buoy at the entrance of Port Erin harbour, he said :— 
‘in the colony were two specimens of Jassa herdmant A.O.W. which confirms my 
opinion that it is only a form of Jassa falcata $ jr. The emarginate tip of the thumb 
in P. L’pool Biol. Soc. vol. 7, p. 79 is wrong—it is like falcata 3 jr. Idid not draw 
the figure.’ It will be as well to sum up here the results of his later researches on the 
species and his conclusions :—In his revised list of the Amphipoda of the Liverpool 
M.B.C. District (1895, Trans. L’pool Biol. Soc., 9, pp. 313-316, Pl. 19, figs. 20 and 21), 
Walker was the first to suggest that amphipods become sexually mature before 
attaining their full size, citing that he had found some ovigerous females only half 
the size of others. 

He dealt with six species of Podocerus, namely, falcatus (Mont.), herdmanne 
Walker [a syn. of which is odontyx Sars (1895, p. 597)], variegatus Bate*, ocius Bate 
and cumbrensis Stebbing and Robertson [now in Microjassa (Stebbing, 1906, p. 651)]. 
He was of the opinion that pusillus and herdmant could hardly be maintained as 
distinct from falcatus if the animals became sexually mature before attaining their 
full size ; variegatus he thought distinct. Unknowingly, Walker was dealing with 
Jassa falcata and its many variations of both forms. His ‘ P. falcatus (Mont.)’ is 
the large full grown male of the Narrow-Form with the many jointed flagellum of 
the first antenna (Pl. 22, fig. 20). His ‘ P. variegatus Bate ’ is the full grown female 
of the Broad-Form with the flagellum coalesced and swollen (Pl. 22, fig. 21); Walker 
seems to have regarded the largest of these females as males. His ‘P. herdmani’ 
is the young male of the Narrow-Form with the prominent hump on the inside of the 
claw. He evidently also had this same stage in the Broad-Form, as can be seen from 
his description of the specimen from a tidal pool, Colwyn Bay (p. 315). 


1895 b. 


In the same year (Ann. Mag. N.H., (6), 15, pp. 472-3) Walker revised the 
Amphipoda of Bate & Westwood’s British Sesstle-eyed Crustacea, bringing the 
nomenclature into agreement with Sars’ (1895). From his redescription of the 
specimens labelled in Spence Bate’s handwriting * Podocerus variegatus Leach’, it is 
clear that the two forms he found are in reality the Broad- and the Narrow-Forms 
of Jassa falcata (see also p. 55); thus neither Bate nor Walker knew the true Podocerus 
nor recognized the relationship between the different forms of falcatus. 


1894, 


Bonnier, J., Bull. Soc. Amis des Sci. nat. Rouen. Amphipodes, p. 83, as 
Podocerus falcatus Mont, 


1895. 


Sars, G. O., The Crustacea of Norway, vol. 1, Amphipoda, Kristiania (pp. 593-598 
and Pls. 212-213). This beautifully illustrated classic is indispensable to all students 
of European Amphipoda, although his classification and nomenclature are now out- 
of-date. He described and figured three species of Podocerus. Under ‘ Podocerus 
falcatus (Mont.)’ he referred to the fact that the rather striking differences due to age 
and sex had led previous authors to assign their specimens to a number of different 
‘ species’, and discussed the synonymy. His P. falcatus figured on Pl. 212 comprises: 
a female, the second gnathopod of a young male and a large fully grown male, all 
with Narrow-Form characteristics. The large male evidently belongs to the same 
Large Polar Form as Pfeffer’s specimen (see Pls. 27-29, spec. 18, of this paper), though 
in this instance the second gnathopod is of the Narrow-Form. His new species 
‘ Podocerus odontoynx’ [=P. herdmani Walker 1893] from Trondhjemsfjord and 


*TIn a letter dated 6.6,10 he said P. variegatus Bate (‘ not Leach as printed but Bate ’). 
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Hammerfest, at 150 fathoms, figured on Pl. 213, is the young but sexuall tur 
male of J. falcata at the same Het Re 
Poictie 1 os et developmental stage as Montagu’s type (p. 42 and 

Podocerus pusillus Sars [the name altered from minutus (1882)] has occasionally 
been confused with falcatus and particularly with the form described by Walker as 
P. herdmanni, but this mistake as has already been shown was largely due to a 
Serious error in the original illustration (see p. 67; and Walker, 1911, p- 72). Itis 
oe eae from falcatus by the difference in the second gnathopod hand of 
the male. 


The following papers contain records of the distribution of Jassa falcata and the 
names under which the species were noted :— 


1896. 
Scott, T., (1), Fishery Bd. of Scotland. XIV Rept., pt. 3, p. 161, as Podocerus 
herdmant A. O. Walker=P. odontonyx G. O. Sars. 
(2) Proce. Roy. Phys. Soc. Edinburgh, p. 185, as Podocerus falcatus (Mont.) from 
Skye and the Outer Hebrides; P. herdmani Walker from Mull. 


1896. 


Walker, A. O., Rept. Brit. Assoc. Adv. Sci., Liverpool, p. 439. Podocerus 
Sfalcatus (Mont.); P. herdmani Walker ; P. variegatus Leach (non Leach). 


1896. 


Walker, A. O. and Hornell, J., Journ. Marine Zool. & Micro. 11, No. 7, p. 54. 
Podocerus falcatus (Mont.), Jersey. 


1898. 


Walker, A. O., Malacostraca West Coast of Ireland. Trans. L’pool Biol. Soc. 
12, p. 170. Podocerus falcatus (Mont.), Valencia Harbour, 2-43 fathoms. 


1897. 


Sowinski, W., Mém. Soc. Natur. Kiev, 15, pt. 2 (pp. 14-15 of reprint), records 
two species from the Bosphorus, namely, Podocerus ocius Sp. Bate (syn. Podocerus 
dentex Czerniavski, 1868) and ‘ Podocerus falcatus (Mont.) Bate, 1862’. 


1899. 


Chevreux, E., Comptes-rendus Assoc. fran¢g. avane. Sci., Congrés de Nantes, 
1898, p. 482, refers to Podocerus falcatus (Mont.) and P. herdmani Walker. The 
latter is now known to be a young male of falcatus. 


1899 a. 


_ Stebbing, T. R. R., On the true Podocerus and some new genera of Amphipoda in 
~ Ann. Mag. Nat. Hist., (7), 3, pp. 237-241. This paper proved to be of great importance 
in the history of Jassa because of the revolution it caused in the nomenclature and 
status of Leach’s two genera, Podocerus and Jassa, and their species. 

Stebbing began by showing that Leach’s distinguishing characterization of these 
genera in 1814, had been completely misunderstood by carcinologists from 1830 
onwards, most of them taking the view that they were one and the same genus. He 
critically examined Leach’s original diagnoses and correlated them with the accounts 
of later authors, and particularly with Milne-Edwards’ description of Podocerus 
variegatus, the type species of the first genus, in the third volume of his Histoire 
Naturelle, 1840. This was alleged to have been taken from Leach’s own type in 
the British Museum (see p. 52), and, owing to Milne-Edwards’ reputation, was 
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unquestioned by later workers, and the mistakes accepted as facts till Stebbing showed. 
in this paper how the errors had originated. The principal one, for instance, the 
statement of the presence of two ‘median teeth’ on the dorsum was due to the 
illusion caused by the imbrication of the segments viewed laterally. j 

He proved that P. variegatus was identical with Spence Bate’s Cyrtophium 
darwinti, and that, as Cyrtophium ought to have been referred to Dana s other 
genus Platophium, its identification with P. variegatus entailed the cancelling of 
Platophium and the transference of its species to Podocerus. C. darwint therefore 
becomes a synonym of P. variegatus (see Stebbing, 1899 b, p. 350). 

The obvious consequence of this, according to Stebbing, was that Jassa must be 
upheld as a distinct genus, with the species pulchella assigned to it by Leach as its 
type. Whether the specific name pulchella should be retained is, he says, a separate: 
question. He himself was in favour of retaining pulchella, not falcata, because, 
although the latter had priority he considered it an ‘indeterminate species’. His. 
objections were based principally on (1), the unusual shape of the finger of the 
second gnathopods, figured with a strong tooth on the inner margin, and thus. 
corresponding to the description ‘fangs falciform, with one tooth’ which, he says, 
‘will not suit any of the synonyms’; and (2), on Montagu’s statement that ‘ this 
curious and rare species inhabits the deep, amongst Sertularia and Algae, and has 
only been taken by dredging at Torcross’. Stebbing says ‘no one in South Devon. 
needs to go dredging for Leach’s pulchellus. It is a common shore species’. 
Walker’s suggestion (18956, p. 473) that falcatus is identical with herdmani 
Walker and odontonyx Sars, Stebbing considered weakened by the fact that the: 
specimens described by the later authors had a length less than half that recorded. 
by Montagu. 

Of the second Jassa species, pelagica, Stebbing says that Walker’s examination 
of Leach’s types in the British Museum had shown it to be the form described by 
Rathke as Podocerus capillatus, and not the form named P. pelagicus by Spence Bate, 
which was the female of J. pulchella. In his endeavour to clear the confusion. 
surrounding these species, he had re-established Podocerus and Jassa as separate 
and distinct genera, and now instituted a new genus Parajdssa to receive pelagica 
Leach as its type. 


1899 b. 


In the April number of the Ann. & Mag. Nat. Hist., (7), 3, p. 350, Stebbing made- 
some corrections of the nomenclature in his paper published the previous month 
and announced some changes in the classification of Amphipoda which would appear’ 
in his forthcoming work in Das Tierreich. He re-established Czerniavski’s Podocerus 
dentea as a distinct species, and placed it in Jassa with the two species referred to: 


above, herdmani and odontonyx, in its synonymy (but see p. 56 ; Stebbing’s species 
all= falcata). 


1899 c. 


Walker, A. O., in the very next number of Ann. & Mag. Nat. Hist. (7) 3, 
pp. 394-5, confirmed Stebbing’s conclusions. Although regretting the ‘ wreck of 
the Podoceridae’ as he called it, he accepted the changes instituted by Stebbing 
with the exception of the use of pulchella for the specific name instead of falcata. 
He pointed out again that the two forms were only different developmental stages. 
of the same species, so that falcata having priority, must stand. 


1900. 


Chevreux, E., Rés. Camp. Sci. Prince de M. onaco, 16, records (p. 106) the capture: 
of three small specimens at Fayal in the Azores, from a depth of 15 metres. He 
named them Podocerus falcatus (Montagu), but later (p. 165), on the receipt of 
Stebbing’s 1899 memoir, he says that, as it is shown there that it is the genus Jassa. 
which corresponds to the genus Podocerus of contemporary authors, the species he- 
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had quoted as belonging to the latter must therefore now be classed in the genus: 
Jassa. The species he had quoted were P. falcatus and P. ocius Sp. Bate, in the 
synonymy of which he included P. dentex Ozerniavski. 

Chevreux traced the distribution of J. falcata from Norway, along the Northern: 
shores of Europe, the Oceanic coasts of France and Spain to the Mediterranean as. 
far as the Bosphorus and to the Azores and Tenerife. 

He discussed Della Valle’s description of the form found at Naples and the 
differences between it and the Northern animals, hardly sufficient he thought to: 
separate them as species but quite enough to class the Mediterranean form as a 
variety of the Northern. The principal variation was in the number of the joints in. 
the flagella of both antennae, although he owned that he had found intermediary 
forms in the Ocean, in a numerous colony on a buoy at the mouth of the Loire. 
The other point of difference he raised, namely, that the inner margin of the second 
gnathopod claw is crenulate along its basal half, in the adult male Mediterranean 
specimens, perfectly smooth in the Northern, is apparently due to an error. We have 
found this crenulation present in all the specimens we have examined, without, 
exception, more obvious perhaps in the younger animals. 

The difficulty Chevreux encountered was simply this—the recurrence of the same 
problem which had defeated the earlier carcinologists—one observer,-in this case 
Della Valle, was dealing with the Broad-Form of Jassa falcata, and the other, 
Chevreux, with the Narrow-Form of the same polymorphic species, with the additional 
puzzle of the various small ‘ intermediate ’ forms found in the same colonies. ~ 


1900. 


Sokolowsky, A., Beitrige z. Meeresfauna von Helgoland. XI. Amphipoda, 
p. 160, states that Podocerus falcatus Mont. occurs in enormous numbers in different 
parts of Heligoland, and that it is a nest building species living in shallow water 
0-4 fathoms. Young broods were found in February and April. In the synonymy 
he gives Jassa pulchella and J. pelagica of Leach as the young male and female, 
Podocerus calcaratus Rathke as the male, and P. pelagicus Sp. Bate the female. 


1901. | 

Chevreux, E., Bull. Soc. Amis d. Sci. de Rouen, Paris, p. 183, records, in the region 
of Omonville-la-Rogue (Manche), Jassa falcata (Mont.) from depths of 0-50 m. and 
once at 55 m., and Jassa pusilla (Sars) from the rather greater depths of 50-60 m. 

It is interesting to note that much more care was being taken at this time when the 
fauna of a district was being investigated to record the particulars of the conditions 
in which the animals lived, though there was a growing tendency to use size, and 
depth at which found as specific characters, points too variable to be of any value. 


1903 and 1904. 


Holmes, S. T., Amer. Naturalist, 37, No. 436, p. 289, and Bull. Bureau Fisheries 
for 1904, 24, pp. 511-513, text-figs., described a new species from Narragansett Bay, 
New England, as Jassa marmorata. He compared his material with specimens from 
North Devon determined as J. pulchella by Stebbing, but thought that the differences 
exhibited by the antennae were sufficient to justify the establishment of a new 
species. From his description and figures it is evident that he had the Broad-Form 
of Jassa falcata (Mont.) before him and that Stebbing’s ‘J. pulchella’ specimens 
were the Narrow-Form of the same species, but it is curious that, whilst accurately 
defining the differences in the number and size of the antennal joints in the two 
forms, he does not refer to the plumose hairs characteristic of the Broad-Form. 

In discussing the ‘ apparent dimorphism ’ among the males, he noted that Boeck 
and Hoek regarded the different forms of Jassa pulchella as due to age, but that 
Nebeski disagreed with this view, having often found the forms of equal size. 
Holmes himself, after an examination of large numbers of different ages, considered. 
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that the change in form of the large chelipeds was correlated with different stages 
of growth, and that the fact that two forms of hand are found in individuals of about 
equal size may be accounted for thus—one form is younger than the other and has not 
passed through so many moult periods, but has grown more rapidly, probably through 
obtaining a better food-supply. 

Through the kindness of Dr. C. R. Shoemaker of the U.S. National Museum, 
we have been able to examine specimens of ‘Jassa marmorata Holmes’ from various 
localities in N. America—from Vineyard Sound, Mass., not far from where Holmes 
type specimens were taken; from Ocean City, New Jersey; from Charleston Harbour, 
S. Carolina; and from Monterey Bay, California. They were all the Broad-Form 
Jassa falcata (Mont.), fine examples of all ages, from large beautifully coloured 
adults, to newly hatched young. 


1903. 


Walker, A. O., Journ. Linn. Soc. Lond. Zool., 29, (No. 187), pp. 61=2,-Pr Iie 
figs. 98-106 a, instituted a new species in the genus Jassa Leach, which he named 
J. goniamera (from the shape of the posterior angle of the basal joints of the last 
peraeopods). ; 

Many specimens were taken at Cape Adare, in 20 fathoms, varying in size from 
the very young, under 3 mm. in length to the young male of 20 mm. figured on 
Pl. 11, figs. 98-106 a. Taking the description and the figures together it is evident, 
as Chilton later pointed out (1912), that Walker’s specimens belonged to Jassa 
falcata (Mont.) and were indeed the Large Polar Form, previously recorded as 
Podocerus ingens by Pfeffer (1888). The male figured was a young not fully adult 
example of the Broad-Form. 

Walker laid great stress on the absence of the small secondary teeth on the outer 
ramus of the 3rd uropod, so much so in fact as to suggest the establishment of a 
new genus, Hemijassa, to receive his species, but, as Chilton showed, this is not a 
reliable character as the small spines tend to become lost in preserved specimens. 


1904. 


Stebbing, T. R. R. and Fowler, G. H., Trans. Linn. Soc. Lond. Zool., 10, pt. 2, 
pp. 17 and 47. The former recorded Jassa falcata from the Bay of Biscay plankton 
under the name of Jassa pulchella Leach (p. 17). He drew attention to an error 
in Sars, p. 594 (1895), where the last pair of uropods are said to have the inner ramus 
distinctly hooked, whereas according to his own observations, it was the outer ramus. 
In an appendix Fowler dealt with the distribution of the species collected. Speaking 
of ‘ Jassa pulchella Leach’, he said ‘the confusion to which this species was reduced, 
though lately disentangled by Mr Stebbing, yet makes it difficult to trace the records 
of its distribution. It appears to range as a neritic form from Norway (but not 
into the Arctic Ocean) by England, France and Spain into the Mediterranean as 
far as the Bosphorus, occurring also at Teneriffe and the Azores. But so far as 
I am aware it has not been taken as an oceanic form previously to this cruise of the 
‘Research ’ (47° 5’ N., 7° 45’ W., being roughly 2° 103’ from the nearest land) but, 
as Mr Stebbing reminds me, it readily attaches itself to floating objects and may 
have put to sea unadvisedly in this manner ’. 

But there had been a previous record of the species from the open sea (as Podocerus 
validus (Dana) in the Pacific Ocean (1888, p. 435)), although owing to the confusion 
of which Fowler speaks, neither he nor Stebbing recognized the fact of the identity 
of P. validus with Jassa pulchella—J. falcata. 


1904. 


Walker, A. O., Report .. . Pearl Oyster Fisheries of the Gulf of Manaar. Suppl. 
Report, 17, pp. 234 and 292; Pl. 7, fig. 47, recorded a specimen of Jassa taken at 
Muttuvaratu Paar on the N.W. in 1902. This small female 4mm. in length, he 
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-considered belonged to the species falcata though, in the absence of a male for 
‘corroborative evidence he marked it with a query. From his description however, 
-and the rather roughly-drawn figure, it can be recognized as a female of the Broad- 
Form of Jassa falcata, and the slight discrepancies can be explained by the fact that 
it had been captured while in the act of moulting. Walker states that the claw 
was apparently partially incased in a sort of sheath, and that the definition between 
the 2nd and 3rd joints of the 2nd gnathopod was indistinct, and that the 5th joint 
even appeared as if coalesced with the 6th. The explanation may probably be that 
-some portions of the old opaque exuviated skin were still adhering to the new cuticle, 
.and so blurring the detail. 


1905. 


Norman, A. M., Ann. Mag. Nat. Hist., (7), 16, pp. 83-4 and 92, revised the 
‘nomenclature of the species described in Bate & Westwood’s British Sessile-eyed 
Crustacea (1863-68). In his opinion ‘the unsatisfactory figures and inadequate 
descriptions of many of the species’ in that work constituted a heavy stumbling 
block in the way of any carcinologist studying them. He gives a list of the names 
“now employed for the genera and species, though, as far as Jassa is concerned, his 
-conclusions have only added to the confusion. 
Norman says that he had examined Leach’s types of the genera Podocerus and 
-Jassa in the British Museum and could fully confirm what Stebbing and Walker 
had written of them (1899), viz., that the Podocerus variegatus of Leach=Platophium 
-darwinti, and it is not Bate & Westwood’s P. variegatus ; and that Leach’s Jassa 
_pelagica is not the species figured by them as such on p. 447, but the one they have 
shown on p. 442 as P. capillatus. He went on to state that Bruzelius had long ago 
restricted the use of the name Jassa to this last mentioned species (capillatus). 
This name must accordingly be maintained, and Stebbing’s suggestion of Parajassa 
(1899, p. 239) must be ruled out, and so he (Norman) therefore instituted a new 
_-name for the genus Podocerus, viz., Bruzeliella, with Montagu’s species falcata as 
its type. ‘ Podocerus’ he considered should be excluded because of its erroneous 
use for nearly a hundred years. But, as Stebbing pointed out (see Walker, 1911, 
p. 68), Bruzelius (1859) had not the right to restrict Leach’s Jassa in that manner 
-when Leach himself, in 1816, when establishing the genus, had assigned to it as its 
type the species J. pulchella. It is Norman’s name Bruzeliella which must be 
-cancelled. 

Norman enumerates under Bruzeliella falcata (Montagu): Bate & Westwood’s 
Podocerus pulchellus (Leach), p. 436, as the adult male; P. falcatus (Montagu), p. 445, 
as the young male; and P. pelagicus (B. & W., not Leach), p. 447, as the female 
of this species. He correctly identified P. capillatus Rathke, p. 442, as Jassa pelagica, 

“Leach (not B. & W.); but wrongly attributed P. variegatus B. & W. (not Leach), 
p. 439, to Sars’s species P. pusillus. 


1905. 


Paulmier, F. C., Bull. N.Y. State Museum, Zoology, 91, Albany, pp. 165-6, 
text-fig. under the name of ‘ Jassa marmorata Holmes ’, recorded a young immature 
“male of the Broad-Form of Jassa falcata. 


1906. 


Chevreux, E., Expéd. antarctique frang. (1903-5), Charcot. Crustacés Amphipodes. 
Paris, pp. 94-99, text-figs. 54-56, described a new species Jassa wandeli from 
“Booth-Wandel Island. Numerous specimens had been captured at low tide on 
the shore and among sponges—but all were of small size. The male, described and 
figured as the type, was only 6 mm. long, and not, as Chevreux thought, adult; the 
thumb of the second gnathopod hand was but partially developed. It is easy to 
recognize it (as did Chilton, 1912) as a young male of the Broad-Form of Jassa 


_ falcata. 
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and 1913. 


Later, in the 1913 Report on Charcot’s Deuwiéme Hxpéd. Antarctique Frang. 
(1908-1910). Amphipodes, pp. 181-2, fig. 61, Paris, when this species was again 
captured, Chevreux realized his mistake and figured portions of the full grown male, 
11 mm. long, from Petermann Island. He considered ‘les gnathopodes postérieurs. 
ont pris, 4 peu de chose prés, la forme de ceux du vieux male de Jassa falcata (Montagu) ’, 
but stated that his species was distinguishable from Montagu’s in certain details.. 
There is no real distinction, however, the details can all be found in any collection 
of Jassa falcata, and J. wandeli, therefore, becomes only a synonym of Montagu’s. 
species (as Chilton had already noted in 1912). 


1906. 


In Norman, A. M. & Scott, T., The Crustacea of Devon & Cornwall, pp. 92-94, 
London, the views expressed by Norman in his 1905 Revision of Bate & Westwood’s 
nomenclature are repeated together with his reasons for changing the generic name of 
Jassa to Bruzeliella. 

_ Under Bruzeliella falcata (Montagu) he gives as synonyms Cancer (Gammarus) 
falcatus Montagu and Podocerus falcatus Bate=the young male; Jassa pulchella 
Leach and Pedocerus pulchellus Bate=the adult male; and P. pelagicus Bate= 
the female. He stated that the ‘nail’ of the second gnathopod in Montagu’s. 
figure was abnormal, although the condition had been occasionally recorded. This 
reference is to the dentiform projection on the inner margin of the claw. which is 
seen also in Walker’s P. herdmani and in Sars’ P. odontonyx (both synonyms of 
falcata). But it is very evident that Norman did not understand or recognize the 
various developmental forms of falcata or the distinction between it and Sars’ species 
Podocerus pusillus for he makes the suggestion that herdmani and odontonyx- 
‘ judging from the small size of these males’ probably represent the same condition 
in pusilla. And not only did he make an error in identifying the young males, but 
he placed the Podocerus variegatus of Bate & Westwood (which is the Broad-Form. 
female of Jassa falcata) in the synonymy of ‘ Bruzeliella pusilla (G. O. Sars) ’. 


1906. 


Stebbing, T. R. R., The Amphipoda Gammaridea of “ Das Tierreich’’, (Konig. 
Preuss. Akad. Wiss. Berlin., 21). This is the most complete and most important 
work yet published on the classification of the group, and though forty years have. 
elapsed since its publication it still remains the standard authority on the Amphipoda. 
Naturally in the course of years, many additions have been made to our knowledge: 
of the world fauna, necessitating the modification of certain parts of the classification . 
and changes in the nomenclature and status of the various genera and species. To- 
take for instance, the species Jassa falcata with which we are concerned, the incor- 
poration of our new knowledge of its life-history, and of the developmental changes. 
through which it passes will involve a considerable revision of the genus Jassa. 

_ Stebbing counted nine accepted species in the genus and four as obscure. The: 
nine accepted are :—dentex (Czern.) ; falcatiformis (Sowinski); ingens (Pfeff.) ; 
pulchella Leach, taken by him as the type species; pusilla (O. Sars); ocius (Bate) : 
frequens (Chilton) ; goniamera Walker ; and marmorata Holmes. Of these, four are: 
synonyms of Jassa falcata (Mont.) viz., ingens, pulchella, goniamera, and marmorata. 

It seems strange to see falcata classed amongst the ‘ obscure ’ species, but Stebbing - 
always regarded it as ‘indeterminate’, and even Leach, who must have handled 
wontegy Pehadain gt vigiuien fresh, does not appear to have seen the resemblance 
Pe aL ih species pulchella although he said they ‘ seemed referable 

It would appear that what misled Stebbing was Monta u’s figure of th 
gnathopod showing a large and prominent oon, on. the ie eee of the be 
He considered the toothed claw to be a character peculiar to dentex, and, drawing - 
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especial attention to it (p. 656) he suggested the possible identity of the two species. 
And probably also because of the presence in both of them of this toothed claw, he 
included herdmani (Walker 1893) .and odontonyx (Sars 1895) in the synonymy of 
dentex, in spite of the fact that Walker had previously pointed out that they were 
not distinct species, but one and the same developmental stage of the young male 
of J. falcata (the same stage as Montagu’s type specimen); and that these names 
must therefore be cancelled. J. dentex is now recognized as a synonym of Jassa ocius 
(Bate), see under Czerniavski 1868, p. 56. 

But Stebbing can hardly be blamed for his failure to see the relationship between 
the different forms of this species with their marked diversity of size and shape, 
and the complication of the changes due to age and sex. He had only the very 
inadequate descriptions and figures of the early writers to guide him, and the 
diversity is so great that without the clues afforded by the breeding experiments 
referred to above, it is hardly possible to credit their occurrence within the one 
species. Fortunately too, Montagu’s type is still preserved in the British Museum, 
and as Dr Harding’s photograph shows (PI. 4, fig. 1) the specific characters are still 
plainly visible, even after nearly a century and a half. 

The specific name of falcata, having priority over pulchella must be retained 
for the type species of the genus Jassa. RS 


1907. 


Walker, A. O., National Antarctic Exped. Nat. Hist., 2, British Museum, p. 38. 
Amphipoda, found his species Jassa goniamera, described in 1903, again represented. 
in the Discovery collection. Norman (1905) had pointed out that Bruzelius had 
restricted the genus Jassa to species in which the secondary appendage of the Ist 
antenna was either absent or rudimentary. As the accessory flagellum was well 
developed in goniamera it could not be referred to Jassa ; neither was it referable 
to Ischyrocerus Lillj. nor to Bruzeliella Norman, as it differed from both these in the 
absence of secondary teeth on the outer ramus of the third uropod. Walker therefore 
considered it necessary to establish a new genus to receive his species which became 
Hemijassa goniamera. For his later views on the matter see Walker, 1911. 


1909 and 1910. 


Walker, Trans. Linn. Soc. London (2) Zool. 12, pt. 4, p. 343, next recorded 
J. falcata as Bruzeliella falcata Montagu from Zanzibar. ; 

In the following year (Ann. Mag. Nat. Hist., (8), 6, 1910, p. 33) he agreed with 
Della Valle and Chevreux in identifying Podocerus dentex Czerniavski with P. ocius 
Sp. Bate and pointed out that Stebbing (1906, p. 653) had erred not only in main- 
taining dentea as distinct, but also in including herdman Walker=odontonyx Sars in 
its synonymy. 

1909. 

Chilton, C., in The Crustacea of the sub-Antarctic Islands of New Zealand, 
recorded J. falcata (Mont.) under the name of Jassa pulchella Leach. His specimen 
was found on the carapace of a crab Halicarcinus planatus and the species had 
frequently attached itself to the crawfish Jasus edwardsit. 


1910 a. 

Stebbing, T. R. R., Mem. Australian Museum, 4, pt. 12, p. 649 (Sct. Res. © Thetis ’ 
Exped. Crustacea, pt. V) recorded * Jassa pulchella Leach’, under this heading, from 
Watson’s Bay, N.S.W.; Podocerus australis Haswell is included in the synonymy 
(see p. 59). 

1910 b. 

In Ann. 8. Afr. Mus. 6, pt. 4, p. 426 the only record from South Afriean waters 

is that of ‘ Podocerus falcatus (Montagu) ’ from the screw of H.M.S. Challenger off 
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the Cape of Good Hope (see pp. 66, 86). In accordance with his 1906 nomenclature 
Stebbing now lists it as ‘ Jassa pulchella Leach ’. 


1911. 


Chevreux, E., Mém. Soc. Zool. France, Paris, 23, p. 262, recorded ‘ Jassa pulchella 
Leach ’ (following Stebbing 1906, p. 654) from Algeria, Tenerife and the Azores, 
and said it was a cosmopolitan species. 


1911. 


Chilton, C., Trans. N.Z. Inst., 43, 1910, p. 131, in a note on the dispersal of 
marine organisms by means of ships mentions J. falcata also as ‘ Jassa pulchella 
Leach ’. 


1911. 


Sexton, E. W., Journ. Mar. Biol. Assoc., 9, No. 2, pp. 212-218. 

No specimens of Jassa falcata (Mont.) were taken on the cruise of the Hualey, 
but another and closely allied species J. pusilla (Sars) was represented in the collection. 
It became necessary to re-define the two species in detail because of a certain super- 
ficial resemblance between them which had led some authors to consider them 
identical (so creating even more confusion in their history). 

To this end, the Jassa types and material in the British Museum were examined, 
and proof of their essential distinction was obtained, not only establishing that point, 
‘but revealing the fact that the difficulties encountered in separating the species of 
the genus were entirely due to our lack of knowledge of their life histories and 
developmental stages. These stages in Jassa falcata are many and in the male 
varied to such an extent that most of them had been described as distinct species, 
eg. one of the young male stages as falcata, the adult male as pulchella. and so on. 

It was pointed out that there appeared to be two well marked large adult forms 
in falcata, one, a Broad-Form, with the flagella joints of the antennae swollen and 
partly coalesced, with the second gnathopod hand also swollen, thumb broad and 
‘truncate ; the other, a Narrow-Form, with the antennae slender, joints distinct, 
the gnathopod hand slender, thumb narrow and pointed. The females differed 
mostly in the antennae, some having swollen joints, others slender. 

It followed from this investigation that as Montagu’s falcatus 1808 was the young 
stage and pulchella Leach 1814 the adult stage of the same species, Montagu’s specific 
name had priority and must stand, and pulchella be reduced to a synonym. This 
name has been retained to the present day. 


1911. 


Walker, A. O., Trans. Liverpool Biol. Soc., 25, pp. 67-72; Pl. 1, in his Notes 
on Jassa falcata (Mont.) justified his use of this name for the species, and gave his 
reasons for disagreeing with Norman’s institution of ‘ Bruzeliella’ (1905) for the 
genus, and Stebbing’s epithet ‘ pulchella Leach ’ for the species. 

He then recorded the results of a study of the problem of the development of the 
males comparing each stage in detail with Nebeski’s work on the same subject (1880). 
Part of his material was obtained in the autumn of 1910, from scrapings of a buoy 
moored at the entrance of Port Erin Bay, Isle of Man; and part from a collection 
made in November 1892, from the Breakwater in the same locality, about 300 yards 
from the buoy. : 

It is very interesting to note that unknown to himself, he had the two Forms of 
the species before him, the Narrow-Form from the buoy population and the Broad- 
Form from the Breakwater. He certainly recognized them as belonging to the 
same species, and noted some important details, such as, the attainment of sexual 
maturity before becoming structurally mature; and also the difference between the 
second antennae in the two populations, those from the buoy collection being 
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destitute of plumose setae, whilst those of the Breakwater were ‘densely clothed ” 
with them—though it is true that he did not see the connection, but attributed the: 
renee to what he called a considerable variation in the penultimate developmental 
stage. 

Walker gave a series of photographs to illustrate what he considered the sequence: 
of these stages in the male gnathopod hand but he had only actual proof of one such, 
viz. the stage which moulted into the fully definitive form fig. D*. 

His own species Podocerus herdmani 1893 (=P. odontonyx Sars 1895) is also: 
figured and discussed. He considers that it is probably a dimorphic mature male 
form of Jassa falcata and says that he is confirmed in his belief that it belongs to- 
this species by finding it in both populations, buoy and breakwater, and in the 
different collections of Jassa made in the Liverpool district. On p. 72 he mentions. 
‘a somewhat serious error ’ made in the original figure, ‘ the end of the “thumb ” 
being shown emarginate as in Jassa pusilla (Sars), whereas it is more or less pointed’. 

The hands of two ovigerous females are also figured, one considerably larger than 
the other, which Walker calls ‘ the first record of dimorphism in the females among 
the Amphipoda’, but the differences he notes, it seems, are principally those of 
increase of size with age, and the fact, as he has previously stated, that these animals. 
begin breeding long before they have completed their growth. 


1912. 


Chilton, C., Trans. Roy. Soc. Edinburgh, 48, pt. 2, No. 23, pp. 511-13. This. 
report on The Amphipoda of the Scottish National Antarctic Expedition is a most 
valuable contribution to our knowledge of the crustacean fauna of the South Polar: 
regions. He was able to take the widest possible survey of the Amphipoda of the 
Antarctic and sub-Antarctic seas, having had access to the collections of all the 
expeditions to these waters, British, American, French, Swedish and German. 
Besides being himself well acquainted with the fauna of the sub-Antarctic islands of 
New Zealand, he had also the good fortune of meeting the leaders and scientists. 
of the more recent explorations and discussing the many problems of taxonomy 
and distribution with them. He was thus in the unique position of having at his. 
disposal all the material required for the elucidation of these problems. 

Amongst the many interesting facts which emerged, one, which has a bearing on 
the present study, was the recognition and the proof of the cosmopolitan range of 
certain species, as e.g. Jassa falcata (Mont.). 

Correlated with this is the difference in size between the tropical and temperate: 
form of such a species and the polar one, the former being so much the smaller that 
it has usually been considered as a separate species. Chilton says that for some 
reasons not altogether understood, many Amphipoda find their optimum environment 
near the Polar regions and exist there in greatest abundance, attaining a size far 
greater than that usual for similar forms in warmer seas. ; . 

Chilton’s work led to a reduction, rather than an increase, in the number of 
described species, and here Jassa falcata is again a case in point. He showed that 
the very large specimens described by Pfeffer (1888, which see), as a new species, 
Podocerus ingens, differed in nothing except the remarkable increase in size, from 
the Jassa falcata of Northern seas. This he confirmed by comparing the South 
Polar specimens with specimens from Plymouth and finding in all the collections 
the two forms described by Sexton (1911). ' 

He showed also that the figured specimen of Jassa goniamera Walker: (1906, 
apeot, Pl. 11, figs. 98-106 a) measuring 20 mm. in length, and that of J. wandeli 
Chevreux (1906, pp. 94-9, figs. 54 & 55) measuring only 6 mm. were each young, 


* This figure D is far from clear, so the other hand is here figured (Pl. 30, spec. 19) from the 
Pee. It shows the large thumb, soft and very much crumpled, emerging from the- 
‘ cut-across ’ stage, into the fully definitive form of the Major Narrow-Type, as well as the great. 
increase in size between the two stages. 
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not fully adult, males of the Broad-Form of Jassa falcata. In the synonymy of the 
species he also lists Podocerus validus Dana (1852), P. australis Haswell (1880) and 


P, falcatus of Stebbing (1888). 


1913. 
Chevreux, E.—See under 1906 (p. 74). 
1913. 


Chilton, C., Mitt. Naturhist. Mus. Hamburg, 30, pp. 54-5, 60, 61. Of the 
species with ‘ circum-austral distribution ’ mentioned on p. 54, two are cosmopolitan, 
occurring as commonly in Northern as in Southern seas, namely, Leucothoe spinicarpa 
Abildg. and Jassa falcata (Mont.). He recapitulated the arguments in favour of 
including Podocerus ingens Pfeffer, Jassa wandeli Chevreux and Hemijassa goniamera* 
Walker in the synonymy of J. falcata. In conclusion Chilton stated that the presence 
of both the Jassa Forms of large old males in the collection, confirmed his belief 
that Sexton (1911) was right in considering this a species with dimorphic males, and 
not two separate species confused under one name. 


1913. 


Tattersall, W. M., Proc. Roy. Irish. Acad., 31, p. 18, Dublin, recorded Jassa 
falcata (Montagu) and Jassa dentex (Czerniavsky) in his Clare Island Survey as being 
common in the littoral zone throughout the area investigated, 7.e., from Blacksod 
Bay to Slyne Head on the West coast of Ireland. He stated that he followed 
Stebbing (1906) in the arrangement and nomenclature of the Gammaridea ; but 
on the Jassidae question he agreed with Sexton (1911) in keeping the name of falcata 
for the species, it having priority, rather than pulchella, as used by Stebbing. 

With regard to J. dentex (which is certainly not Czerniavski’s species, but Walker’s 
herdmant) he says he gave the two names, falcata and dentex, simply to indicate 
that he had had both forms of male, not because he considered dentex distinct, for 
he shared Walker’s doubts as to the validity of the species, and believed that future 
research would show that they were only forms or varieties of a single polymorphic 
species. 


1914. 


Stebbing, T. R. R., Proc. Zool. Soc. London, pp. 371-2, examined two speci 
of Jassa from the Falkland Islands. The sailed which was only 3 maine 
named Jassa falcatus (Montagu) ; the other, which was 8-5 mm. long. he was ‘ inclined 
to identify with Jassa ingens (Pfeffer).’ As already mentioned (p. 46), ingens is 
a synonym of falcata. He referred to Sexton (1911) and Chilton (1912) on J. falcata 
but apparently he did not accept Podocerus ingens Pfeffer, Hemijassa goniamera and 
Jassa wandeli as synonyms. | 


1916. 


Barnard, K. H., Ann. 8. Afr. Mus., 15, pt. 3, pp. 262 
., Ant ; ., 1d, pt. 3, pp. 262-4, records J. falcata f 
oe ao mls ioe in South Africa; ovigerous females occurred i Habeas 
prui and September. All his specimens, he states, f t - é 
Form described by Sexton (1911) Waits iirc 


1921 a and 1921 b. 


Chilton, C., Nat. Hist. Juan Fernandez and Easter Island. 3 
’ » . : > 9, . 89-90. 
_falcata (Mont.) is recorded twice from Masatierra, Bay of Chnibodanes The aeecnn ee 


all belong to t - i 
i ‘ ee ae he non-plumose Narrow-Form, and include all developmental stages 


There is a mistake in the reference to H. emijassa goniamera 1907; the page-number should 


be 38. The pagi d fi i ) «os 5 
Peet ae ee and figure numbers given refer to Walker’s original description of the species 
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Trans. N.Z. Inst, 53. Chilton listed two species from New Zealand: Jassa 
falcata (Mont.) and Jassa frequens Chilton, 1883. He agreed with Stebbing (1906) 
that the latter is distinct and, by giving good figures of both male and female, 


‘definitely proved that frequens is the female and latipes, described by him in 1884, 
is the male of one and the same species, 


1922. 


Elmhirst, R., Scottish Marine Biol. Assoc. Annual Report, 1922, pp. 30, 32, 


recorded the species, under the name of Podocerus falcatus (Montagu), as breeding 
throughout the year in the Clyde area. 


1925. 


Chevreux, E., Bull. Soc. Zool. France, 7, Nos. 6 and 7, p. 391, recorded Jassa 
falcata (Mont.) amongst seaweed on buoys at the Canaries and Senegal. 


1925: 


Chevreux, E. and Fage, L., Faune de France, 9, Amphipodes, Paris. This is 
a most useful and comprehensive work, indispensable to all students of this group. 
Its value is greatly enhanced by the excellent figures given of each species. 

The genus Jassa Leach is described on pp. 343-349, with J. pulchella Leach 
named as the type, without any further mention of it. 

The authors record four species from France, viz., J. falcata (Montagu), J. pusilla 
(O. Sars), J. ocia (Bate) and J. dentex (Czerniavski). 

Of these, pusilla and ocia are distinct and easily recognized species ; ‘ J. falcata’ 
is the plumose Broad-Form of the species with a male and female from Villefranche 
‘depicted in figs. 352 and 353; but the ‘J. dentex’ there described and figured, 
p. 348 and fig. 356, is not Czerniavski’s species, but a young form of falcata. It is 
identical with Sars’ odontonyx, as indeed the authors state definitely (p. 348); 
and odontonyx, as the breeding experiments proved, is a developmental stage occurring 
in both the Broad- and Narrow-Forms of Jassa. The figure given (fig. 356) is that of 
the Narrow-Form, with non-plumose 2nd antennae, similar to Sars’ odontonyx. It 
therefore becomes a synonym of falcata. Czerniavski’s dentex is quite distinct from 
this form, and was shown by Sowinski (1897) to be identical with Spence Bate’s 
Podocerus ocius, and included in the synonymy of that species. 


1926 a and 1926 b. 


Le Roux-Legueux, M. L., Bull. Soc. Linn. Normandie, (7), 9, Caen, p. 41, 
zefers to Jassa falcata (Montagu) and Jassa dentex (Czerniavski) as both occurring 
cat Luc-sur-Mer, the former found at low tide, and the latter under rocks uncovered 
by spring tides. 

‘J. dentex’’ was evidently the form described by Chevreux and Fage under that 
name (see above), and not Czerniavski’s species which is a synonym of J. ocia 
(Bate). That Legueux followed Chevreux & Fage’s identification and that she was 
well acquainted with the characters of J. ocia and not likely to confuse the two species 
can be seen in a paper she published in the same year with Poisson on a collection 
of amphipods from Banyuls (Bull. Soc. Zool. France, 5/, p. 19). In this J. falcata (M.) 
and J. ocia (Bate) are given with references to Chevreux & Fage’s descriptions and 
figures. 


1926. 


Monod, Th., Rés. Voy. ‘ Belgica’, 1897-99. Zool. Tanardacés, Isopodes et 
Amphipodes, p: 61, fig. 58, gave another record of Jassa falcata (Montagu) in sub- 
Antarctic waters. Three specimens were found on the carapace of Hurypodius 
Latreillei Guérin, in the Straits of Magellan (cf. Chilton, 1912). 
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1926. 


Schellenberg, A., Die Gammariden der Deutschen Siidpolar Expedition,. 
1901-1903, Zool., 10, pp. 384 & 392. On p. 392 he referred thus to the occurrence: 
of Jassa falcata in the Atlantic :—‘ Bei Jassa falcata handelt es sich um eine Art, 
deren Vorkommen sich tiber den ganzen Atlantik erstrecht und die nicht nur an der” 
Kiiste haufig ist, sondern vom Gauss wiederholt auch im Plankton gefischt wurde. 
Da die Planktonfange zum Teil recht umfangreich sind, so ist nicht anzunehmen, 
dass die Tiere vom Schiff losgespiilt wurden und so in das Plankton gelangten. Die 
Besiedelung des Schiffes mit Jassa kann daher sowohl in einem Hafen wie auf offener- 
See erfolgt sein, sie liefert keinen Anhalt fur eine Verschleppung’. 


1926. 


Stephensen, K., Tromso Museums Skrifter, 1, pt. 5, p. 12, recorded Jassa 
{alcata (Mont.) from the Folden Fiord, Norway, the most northern habitat yet known 
for this species. Numerous specimens, including ovigerous females, were dredged. 
on 1.8.1923 from 2-7 m. on hard bottom with algae. 


1927 a. 


In Vid. medd. Dansk. natur. Foren, 83, p. 354, he next recorded the species as 
‘ Jassa pulchella Leach ’ from the sub-Antarctic Islands of New Zealand. A female 
examined was mature and ovigerous but the male had (p. 354) the same shape of 
2nd gnathopod as the young Form figured by Sars (1895, Pl. 212, 3), z.e., the small 
male Form of falcata with short pointed thumb, which we call ‘ Intermediate ” 
(Pls. 20 & 21, spec. 14). 


1927 b. 


In the same year (Stephensen, Vid. Medd. Foren, 84, p. 133) Jassa falcata (Mont.) 
is recorded under the names of J. pulchella Leach with Jassa dentex (Czerniavski) 
described as a separate species, but, as can be seen by the inclusion of Sars’ Podocerus: 
odontonyx and Chevreux & Fage’s ‘ Jassa dentex (Czern.)’ in the synonymy, this is. 
not Czerniavski’s species, but the form so named by the French authors, which has. 
been definitely proved by the breeding experiments to belong to the species J. falcata.. 
Stephensen noted it as having been taken at different stations in the North Sea, 
off the N.W. coast of Denmark at depths varying from 47-108 m. ; and ‘ J. pulchella 
as from shallower coastal waters, 4-5-15 m. 


1928. 


Schellenberg, A., Trans. Zool. Soc. Pt. 5, p. 668, who examined the amphipods: 
collected by the Cambridge Expedition to the Suez Canal in 1924, recorded Jassa 
falcata (Mont.) as occurring in two samples from Port Said. The specimens consisted 
a epee males, 6 mm. in length, and nine females, all with embryos, of different sizes. 

—5:5 mm. 

What struck Schellenberg as remarkable, he says, was ‘ that the cosmopolitan 
species Lassa falcata which is a typical inhabitant among animal and plant growth. 
on the bottoms of ships, and which, for example, was obtained from the hull of the- 
Gauss in the Atlantic Ocean (Schellenberg, 1926, p. 392) does not penetrate into the: 


Suez Canal, although it lives in great numbers at Port Said and also i 
in the Indian Ocean ’ (p. 685). SO DS ee 


1928 and 1929 a. 


Stephensen, K., ‘Tanglopper (Amfipoder)’ in: Danmarks Fau 

: na, 32» 
Kobenhavn, pp. 340-3, figs. 1928 ; and ‘ Amphipoda’ in: Die Tierwelt der Nor 
und Ostsee .. . G. Grimpe, Lief. 14, pp. xi, 275 29, 316 toles figs. Leipzig, 1929. 
Both these valuable books contain a complete and exhaustive account of our present. 


knowledge of the Order in this area, followed b i ipti 
Oi cache peciee’ wed by detailed descriptions and figures: 
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Three species of the genus Jassa (Fam. Jassidae) are given for these regions 
J. pulchella Leach, pusilla (Sars) and dentex (Czerniavski), but these names really 
represent only two species, pusilla (Sars) and falcata (Mont.), pulchella being the 
full-grown adult male form, and dentex the small but sexually mature young male 
of the latter species. 

Stephensen himself pointed out that the species of the Jassidae are often very 
difficult to determine, especially if the full grown males are not present in the 
collection, and that even among the males themselves there is a great variation of 
form with age. He cited, as an example, the case of ‘J. pulchella’ which had been 
described under not less than about thirty different names. 

The size of the species is noted as 8-9 mm.; the colour as varying in intensity, 
the females usually darker than the males; and the distribution as world wide, 
in Europe from Trondhjemsfiord or Tromso to the Mediterranean. The statement 
in the distribution of ‘ J. dentex ’ as to its occurrence in the Black Sea, of course refers 
to Czerniavski’s species, now a synonym of J. ocia (Bate). 


1929 b. 


In : Zoology of the Faroes, 23, pp. 15-16, 23, 33, the same author records Jassa 
falcata for the first time from the Faroes, as ‘Jassa pulchella Leach’. It was taken 
eight times in different localities, on the shore amongst algae, and in depths varying 
from 3 to 20 m. Only a very few males were captured ; females were found ovigerous 
at the end of September. 


1930. 


Barnard, K. H., Amphipoda, British Antarctic (‘Terra Nova *) Hup. 1910. 
Zool., 8, No. 4, pp. 311, 392. Brit. Mus. London. His list includes only one specimen 
of Jassa falcata (Mont.) from Antarctic waters, viz., a, small female, 4 mm. in length, 
taken on the 3.1.1912 off Cape Adare in 82-92 metres. 


1930. 


Shoemaker, C. R., Contrib. Canadian Biol. & Fisheries, INCSaao No. if 
1929, pp. 223, 346, described the large collection of Amphipoda of the Cheticamp 
Expedition of 1917, principally from the waters lying between Cape Breton Island 
and the Magdalen Islands. Amongst these was the species Jassa falcata (Mont.), 
twenty-six specimens of which were found on the point of Cheticamp Island on the 
shore at low tide. 

Shoemaker recorded it as J. marmorata, that being the name given to a ‘ new 
species ’ from New England by Holmes (1904—see p. 72), who was unaware of the 
many different developmental forms assumed by the males. 


1931. 


Schellenberg, A., Further Zool. Results Swedish Antarctic Hxp. 1901-3, 2, 
No. 6, pp. 248-255, 272, 274, 279, 282, 285. Since the material obtained by several 
earlier Swedish and German expeditions to the South Georgia-Magellan region was 
included in this report, Schellenberg had an unusually rich collection at his disposal. 
One of the genera figuring largely in it was Jassa with numerous records from the 
coasts of the southern portion of 8. America, from Magellan’s Land and from the 

j ic coast and islands. 

See cfaiteibers ‘recorded the occurrence of the two Forms of Jassa falcata (see 
Sexton, 1911, p. 212), recognizing them as forms of the same species, the one with 
stout second antennae and more or less fusion of the flagellum joints, and the other 
with slender second antennae and distinct flagellum joints. He noted that cope 
because of this dimorphism had widened the species-limit of falcata moat Ae 
to include certain others, ingens, goniamera and wandeli, and that he oe zi 
- Report on the German South Polar Expedition (1926) had agreed with this an 
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followed Chilton’s lead. But he had now come to the conclusion that Jassa falcata 
ic, the characterizations of which 


undergoes changes or modifications in the Antarcti 
justify a special nomenclature, and he therefore re-established the three species 
referred to above and separated them again from falcata. 

Schellenberg discussed at length the various forms of Jassa before him, in an 
endeavour to find distinctions between them of sufficient value to allow of separating 
them specifically. He considered that the Northern form, or ‘ European ’ as he called 
it, was definitely different from the Southern, and taking Sars’ figures, Pl. 212, as 
typical of the Northern form, he compared in detail each divergence from it of the 
South Georgia specimens. Eventually however he found that the resemblances 
far outweighed the differences, and that nearly all of the latter could be found also 
in the European material (¢.g. Heligoland collection and Chevreux & Fage’s figures). 
He stated that while he could not find evidence enough to justify separation, he 
considered the South Georgia specimens should be regarded as a second form 
frequently captured with the other. The true explanation appears to be that all 
Schellenberg’s difficulties arose from the fact that, unknown to himself, he was 
dealing with a polymorphic species. It seems strange that he did not recognize, 
or rather, that he lost sight of the essential unity of the two forms, for on p. 248, 
he not only drew attention to their occurrence in the species but described them, 
and the figures he quotes from Sars, and from Chevreux & Fage agree with his own 
descriptions, Sars’ belonging to the Narrow- and Chevreux & Fage’s to the Broad- 
Form divisions of Jassa falcata. 

Referring to Pfeffer’s species, J. ingens, from South Georgia, Schellenberg 
states that he examined the original type specimen, a male, measuring 26 mm. in 
length. The specimen figured here, spec. 18, Pls. 27-29, from Pfeffer’s material, 
was also a male, 20 mm. long. Both are of the Large Polar Form, in both, the second 
antenna flagellum-joints are distinct not fused, though showing the characteristic 
swollen appearance and the plumose clusters of this Form. The characters he gives 
are those of the Broad-Form, with the exception of two peculiarities mentioned 
which we have not seen in our specimen. The first ‘ Besonderheit ’ refers to the 
second gnathopod, the thumb of which is said by Schellenberg to bear on the outside 
of its base a groove into which the tip of the claw fits, with some stout spines on the 
margin. In our specimen the claw-tip closes firmly against the smooth base of the 
thumb, with some clusters of strong feathered bristles (spec. 18 B), as is usual in 
the adult males of J. falcata, but with no spines. In the females and younger male 
growth-stages there are three or four, usually three, short, stout spines inset at the 
palmar angle (cf. Pl. 13, spec. 8 6), not present in the older males. 

_ The other peculiarity is noted by Schellenberg thus :—‘ Eine zweite Besonderheit 
bildet der Metacarpus der 3 letzten Pereiopoden (fig. 129). Sein Vorderrand ist 
konvex und mit abstehenden Stacheln besetzt, sodass eine ausgesprochene 
Greifextremitat entsteht’. The fig. 129, marked ‘ Jassa ingens 3 26 mm. Ende 
des VI Pereiopoden’. shows the 6th joint broad, the length about twice the breadth 
whereas the same joint of the same appendage figured here (spec. 18 E) is four times 
as long as it is broad, with the anterior margin straight. Schellenberg represents it 
as convex and inset with nine strong sharp spines and eleven slighty longer setae 
There must have been some error in naming this figure, for there is no indication in 
Pfeffer’s account of such an appearance, nor in any of the hinder peraeopods of our 
specimen given from his collection (see Pl. 29, spec. 18 D, H, F). 
~ aan: instituted a new species, J. multidentata. We have seen no specimen 

is but the characters seem rather indeterminate. and to apply almost equall 
well to the Narrow-Form of J. falcata, the young male ‘ Cut-across ’ Form, prior 
the fully adult state (cf. Pl. 12, spec. 7). The telson (fig. 131 f) compared with that of 
J. falcata (fig. 180 c) looks different but that may be due to the drawing; certainl 
the proportions, breadth to length, are accentuated in the latter figure. : 

Jassa goniamera Walker is also included as distinct from falcata, though Chilt 
had previously pointed out the identity of the two species, a 
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1932. 


Peewine ait H., Amphipoda. ‘ Discovery’ Reports, 5, Cambridge, pp. 19, 
i ; Is CO lection is one of the most important and most comprehensive made 

y any expedition in any one geographical region. It comprises approximately 
6600 specimens and has resulted in doubling the number of amphipod. species 
previously known from Antarctic waters. 

Barnard has traced the records of all the previous exploration of the South 
Polar regions and gives valuable critical notes on the species recorded, their history, 
classification and distribution. 

In the * classification ’ section (p. 19) he enters a protest against the ‘ lumping ’ 
of different species together under one name without sure evidence of their identity. 
He says : ‘in cases where abundant material in all stages of growth can be obtained 
from well-explored areas like the European seas, it is often possible to establish an 
acceptable Synonymy. But in a vast region like the southern hemisphere, where 
extremely little detailed exploration has been carried out, and we are only just 
starting to acquire a knowledge of the fauna much greater caution is necessary. 
As a result of the study of the “Discovery” collection, it has been borne in upon me, 
to my great regret, that much of the work of the late Dr. Chilton was marred by too 
premature an insistence on the “variability” and “wide distribution” of certain 
species in the Antarctic and sub-Antarctic seas’. 

On p. 241, in discussing Jassa falcata, Barnard refers to this again. He agreed 
with Sexton’s 1911 conclusions as to the cosmopolitan range of the species, and the 
dimorphism of the males, but not with Dr. Chilton’s inclusion of the species ingens 
Pfeffer, goniamera Walker and wandeli Chevreux in the synonymy of falcata. But 
an explanation of Chilton’s action in this matter can be supplied. He worked out 
his Antarctic material in the Plymouth Laboratory and was examining Pfeffer’s 
specimens of ingens at the time Sexton was investigating the growth-stages and 
moults of Jassa falcata. The results so far obtained greatly interested him and 
cleared up various doubtful points in the numerous samples he had brought with 
him for comparison. He refused, however, to take any of the data or figures, saying 
that the work ought to be published as a whole and complete when the breeding 
experiments were finished. 

Barnard considered that ingens, with goniamera and wandeli as synonyms, should 
be separated from falcata. He quoted as a distinguishing feature specially mentioned 
by Pfeffer, Walker and Chevreux, the straight posterior margin of the 2nd joint 
in the three hinder peraeopods, a feature confirmed in his own material, but dismissed 
by Chilton as merely what might be expected in such a very large form. In this 
however, Chilton appears to have been right in considering that the shape was only 
a modification due principally to age and not valid therefore as a specific distinction. 
In specimens of falcata from many localities it has been found that this margin 
in the young animals and the females is convex, but that it tends to straighten with 
age. We have not seen any young stages from 8. Georgia, but the figures of specimens 
18 and 1 comparing the full grown males, Antarctic and European, show their 
similarity of shape. 

Barnard records Jassa falcata (Mont.) from shallow water in the South Orkneys 
and E. Cumberland Bay, South Georgia; the specimens included no adult males 
and did not exceed 8 mm. in length. Jassa ingens (Pfeffer) is recorded from the 
South Shetlands at 200 and 342 m. and from the Palmer Archipelago in 4-10 m.; 
the specimens included males, females and young and measured 5-19 mm. in length. 
Most of them were captured at the end of February and beginning of March 1927, 
when many of the females were ovigerous and young were present. 


1932. 


Pirlot, J. M., Bull. Soc. roy. Sci. Liége, No. 1, pp. 23-24, recorded males, females 
and young of Jassa falcata (Mont. not * Leach ’) from the Bergen region, He pointed 
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out that though the Jassidae are able to construct dwellings or shelters for themselves, 
they, especially the males, are in a great measure independent of them. He says 
that an examination of the animals’ structure shows certain particularities very 
characteristic of ‘la vie domicole,’ ¢.g., the great development of the peduncle of 
the antennae, and the reduction of their flagella, the forward position of the eyes on 
the lateral lobes of the head, the small size and shape of the side-plates, and the hook 
shape of the outer ramus of uropod 3. nae 
He suggests that, taking these characters into consideration, it looks as if the 
members of this family have developed and are still developing more freedom of 
action, and that their selection of Hydroids and Bryozoa for building their colonies 
on, and more or less abandoning their shelters is making parasitism easy. They can 
cling to their host with their strongly prehensile subcheliform gnathopods and 
powerful claws, and with the spinose terminal joints of the hinder peraeopods. 
He says ‘Le régime des formes de la famille des Jassidae est donc en partie 
nidicole et en partie inquilin; la structure de ces formes a subi cette double influence 


The following papers refer to the distribution of the species and show that the 
confusion in the nomenclature still exists :— 


1933. 
Oldevig, H., Géteborgs Kgl. Vet.-Vitt. Samh. Handl. Foljd. Ser. B., Bd. 3, 


No. 4, pp. 235-6, as Jassa pulchella Leach (syns. J. falcata (Montagu), Podocerus 
falcatus (Montagu)). 


1935. 


Stephensen, K., Kongel. Norske Vid. Selsk. Forh., Bd. 7, No. 32, p. 118, as 
Jassa pulchella Leach (syn. Podocerus falcatus (Sars)). 


1937. 
Crawford, G. I. (1), Journ. Mar. Biol. Assoc., 27, No. 2, p. 646, as Jassa falcata 
(Montagu), fine sand and mud, 3-5 fathoms. 


(2) Journ. Mar. Biol. Assoc., 2/, pp. 650-51, as Jassa falcata (Montagu) on 
buoys. 


1937. 


Le Roux-Legueux, M. L., Mém. Soc. Linn. Normandie, N.S., 1, Fase. 2, p. 23; 
as Jassa falcata (Mont.) with Jassa dentex Czerniavski. 


1938. 
Gurjanova, E., Reports of the Japan Sea Hydrobiological Expedition of the 
Zool. Inst. Acad. Sci. U.S.S.R. in 1934, Part I, p. 403. English Summary. Large 


numbers of Jassa falcata (Mont.) are recorded from Algae, Sponges and Bryozoa in 
the tidal zone of Petrov Island. 


1938. 

Médlinger, G., Zool. Anz., 121, Parts 5-6. Leipzig, pp. 124-131, described 
in detail the retinacula or ‘ coupling-Spines’ on the inner distal margin of the 
peduncle of the pleopods in various genera of the Amphipoda. They reach their 
highest development in strong swimmers such as Gammarus, are simpler in genera 
which seldom swim but tend to creep on the bottom (e.g. Synurella) and are simplest 
in the terrestrial genera such as Talitrus and Orchestia. In Jassa and Parajassa 
the spines are very similar to the foregoing, and they, too, swim but little. 

He maintains, moreover, that the retinacula are generically distinct and could be 
used in tracing the affinities and phylogeny of the different genera. 
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1938. 

Nicholls, G. E., Australasian Antarctic Expedition 1911-14. Series Cyr2 mpt. 4, 
pp. 9, 127-8, 132, 134, 136-7, records Jassa falcata (Mont.) from shallow water on 
the shores of Macquarie Island ; they did not exceed 9 mm. in length and females 
were ovigerous from 3-9 mm. J. goniamera Walker, on the other hand, is recorded 


from deeper water, 55-60 fms. ; two captures of one male each, measuring respectively 
10 mm. and 15 mm. 


Nicholls commented on the great range of variation he found in the collection, 
greater he considered than had previously been recorded, noting especially the 
differences in the proportions of the antennal peduncular joints and in the shape 
and size of the hand of the second gnathopod of the male. 

He regarded goniamera Walker as a distinct species and discussed the views of 
other writers—Barnard (1932) considering it identical with the ingens of Pfeffer 
and wandeli of Chevreux, Schellenberg (1931) maintaining that they were three 
distinct species—while his own specimens agreed with Walker’s account (1903) in 
essential details (e.g. the antennae), and not with Pfeffer’s figures (1888). 


In the following papers reference is made to distribution and nomenclature of 
Jassa falcata :— 


1940. 


Barnard, K. H., Ann. 8. African Museum, 32, pt. 5, pp. 519-539, as Jassa 
falcata (Mont.). 


1940. 
Milne, A., Journ. Mar. Biol. Assoc., 24, pp. 71-2, 74-8. 


1938 and 1940. 
Stephensen, K., Senckenbergiana, 20, p. 262, as Jassa (pulchella Leach ?). The 
Zoology of Iceland, 3, pt. 26, p. 64, as Jassa pulchella Leach (syn. Podocerus falcatus 
G. O. Sars, and J. falcata of Chevreux & Fage). 


1941. 
Bassindale, R., Proc. Bristol Nat. Soc., 8. 4, 4, pt. 2, p. 174, as Jassa falcata 
(Montagu). 
1941. 


Goodhart, C. B., Journ. Animal Ecology, /0, No. 2, pp. 318, 322, as Jassa 
falcata (Montagu), with J. dentex (Czern.) given as a separate species. 


1942. 

Shoemaker, C. R., Smithsonian Misc. Coll., /0/, No. 11, pp.2, 40. Jassa falcata 
(Mont.) is recorded for the first time on the West coast of North America (at 
Magdalen Bay, Lower California). Reference is made to the considerable variation 
in the male at different stages of development and the consequent variety of names. 
He points out that Jassidae was already preoccupied in the Hemiptera, and uses the 
name Ischyroceridae (Stebbing, 1899) for the family. 


1942. 


Stephensen, K., The Amphipoda of North Norway and Spitzbergen and adjacent 
Seas. eee ‘Museums Skrifter, 3, pt. 4, pp. 390-1, as Jassa pulchella Leach, 
J. dentex (Czern.) as a separate species. 

1944. 
A mphipode dd. om Grenland, 

Stephensen, K., The Zoology of Hast Greenland. Amphipoda. Medd. om 
ce ee Vidensk. undersag. Gronland, 121, No. 14, p. 168, as Jassa pulchella Leach. 
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1946. 


Barnard, K. H., Ann. 8S. African Mus. 20, pt. 3, p. 262. Jassa falcata (Mont.) 

was captured five times in localities dee ease to Swakopmund, females being 

s ovigerous in February, April and September. 

Beane Hae a long sae the species in which he now included ne 
ingens Pfeffer. He pointed out in his diagnosis that the South African form was the 
same as that described by Dana as Oratophium validum, having the basal tooth 
on 6th joint of the 2nd gnathopod of 3g distally emarginate on outside and apically 
acute (see Stebbing, Challenger Report, vol. 29, pl. 138)’. He added that there 
appears to be only one form present in South Africa corresponding to Sexton’s 
“Horm 2” [i.e. the Narrow-Form]. Form 1 [=the Broad-Form] with swollen 
antennae and broad hand and thumb has not yet been discovered ’. ; 

The two Forms, however, have both been recorded from South Africa, though 
their identification, always difficult to establish through the inadequacy of previous 
descriptions and figures, and complicated also by the scarcity of material, was 
rendered almost impossible by the lack of knowledge of their life-history with the 
puzzling multiform stages of their development. The female figured by Stebbing on 
Pl. 119 of the Challenger Report (1888) belongs to the Broad-Form of Jassa falcata, 
as also does the male Cratophium validum Dana on Pl. 138 b (see Stebbing, 1888, 
and Dana, 1852 6, for further discussion of these points). 


1946 and 1947. 


Ruffo, S., Boll. Soc. Entomol. Ital., 76, No. 7-8, p. 52, and Mem. Museo Civico 
Storia Nat. Verona, J, p. 128, as Jassa falcata (Mont.). 


1948. 


Dahl, E., Undersék. 6ver Oresund, 35, Lund., p. 76, fig. 18, as Jassa pulchella 
Leach. 


Two papers by the late Dr. K. Stephensen, published posthumously, must be 
mentioned here :— 


1947. 


{Stephensen, K., Sci. Res. Norwegian Antarctic Exp., 1927-28. No. 27. in 
Norske Vidensk. Akad. Oslo, pp. 71-74, figs. 23 and 24. This contains a discussion 
of Jassa ingens Pfeffer, J. goniamera Walker and J. wandeli Chevreux, in which 
Stephenson followed Schellenberg in separating the three species from J. falcata. 
Much of this material came from the South Sandwich group, from deep water. 
There appeared to be no mature males, only females, measuring from 15-18 mm. 
and newly hatched young. One of the females is figured. 

Through the kindness of the staff of the Zoological Museum, Copenhagen, one of 
us (D.M.R.) has examined a specimen determined as ‘Jassa ingens Pfeffer’ by 
Stephensen. It does not seem to belong to the ingens of Pfeffer because its three 
posterior peraeopods differ markedly from those of Jassa falcata. It seems improbable 
that both Pteffer and Chilton, who examined Pfeffer’s material, would have over- 
looked such a peculiarity. The senior author (E. W. 8.) has seen a specimen of the 
true ‘ingens’ named by Pfeffer himself. 


1949, 


Res. Norwegian Scientific Exp. to Tristan da Ounha 1937-38. No. 19; -in 
Norske Vidensk.-Akad. Oslo, pp. 48-49, fig. 20. This is exceedingly interesting 
in that the figure he gives shows a young male of about 5 mm. length, with the same 
characters as the large 26 mm. male figured by Pfeffer as the type of ingens. 
Stephenson identified his specimens as Jassa pulchella Leach (with the synonym 
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Podocerus falcata G. O. Sars, 1895, p. 594, pl. 212). It belongs to the same Large 
Polar Form as Pfeffer’s specimens, with the second antennae of the combined 
characters, and the second gnathopod hand of the Broad-Form. 


ACKNOWLEDGMENTS. 


We wish to express our thanks for the help received while preparing the paper. 
We are particularly indebted to Dr. Isabella Gordon for revising and editing this work 
for publication. Our thanks are also due to her and to Dr. W. T. Calman, ERS), 
for the information they so kindly gave from the Records of the British Museum, 
and for access to the collections of Jassa ; to Dr. J. P. Harding for the photographs 
of the original type specimens, reproduced on Pl. 4, figs. 1-4. We are grateful 
to the Council of the Linnean Society of London, for permission to reproduce 
Montagu’s original illustration, and to Dr. D. P. Wilson for the photograph of it 
(Pl. 5, fig. 1) : to those who gave us constant assistance with the experimental work, 
and the translations, the late Dr. E. J. Allen, the late Miss A. R. Clark, and 
Miss M. Sexton : and to the Director, Mr. F. 8. Russell, F.R.S., and the staff of the 
Marine Biological Laboratory, who helped us, Mr. 8S. M. Nunn and Mr. W. Searle 
for the unfailing supply of material, and Mr. A. D. Mattacola and Mr. A. C. G. Best 
for the photographs figured on PI. 4, fig. 2-4. 

Our thanks are also due to those who kindly sent us material for comparison : 
to Dr. C. R. Shoemaker for a fine collection from the coasts of North America ; and 
to many in Britain for specimens from different localities around the coast, amongst 
others, the late Director, Mr. R. Elmhirst, and Dr. R. B. Pike of the Millport Marine 
Station, Dr. K. A. Pyefinch of Millport, Mr. M. 8S. Jones of Port Erin, and 
Dr. J. A. Kitching of Bristol. 


EXPLANATION OF THE PLATES. 


Puate 4, 
Photographs by Dr J. P. Harding, from the original specimens preserved in the British Museum, 


Fie. 1. Second gnathopods of Cancer (Gammarus) falcatus, Montagu’s original type specimen 
(No. 603 A). x 25. 

Fie. 2. Second gnathopod, young male, Jassa pulchella, Leach’s specimen 2964. X33. 

Fic, 3. Second gnathopod, adult male, Jassa pulchella, Leach’s specimen 296 f. X43. 

Fie. 4. Second gnathopod, Jassa pelagica, Leach’s type specimen 297 ¢ from Bell Rock (now 
known as Parajassa pelagica). x 30. 


PuLateE 6. 


Fia. 1. Facsimile of the figure of Cancer (Gammarus) falcatus illustrating Montagu’s paper in 
the Transactions of the Linnean Society of London, 9, t. 5, fig. 2, 1808. Reproduced 
by kind permission of the Linnean Society. Photograph by Dr. D. P. Wilson. ; 

Fia. 2. The Broad-Form of Jassa falcata (Mont.). Lateral view of full-grown male, measuring 
10 mm. in length. Photograph by Mr. A. C. G. Bast. 

Fra. 3. Dorsal view of full-grown Broad-Form male showing the colour pattern. Photograph 
by Mr. A. D. Mattacola. } 

Fig. 4. Broad-Form ovigerous female, 7-5 mm. in length. Lateral view. Photograph by 
Mr. A. C. G. Best. 

Figures 2-4 were taken from specimens of Jassa falcata brought in from Plymouth 


Sound. 


PLATE 6, Specimen 1. 


Spec. 1. Full-grown Narrow-Form 3 J.CCLX XIII, which mated with a Broad-Form ©, from 
the same dredging. Dead. 14 June 1929. Figures taken from the right side. x 44. 
1.A. Antenna l. 1.B. Antenna 2. 


Puate 7. Specimen 1. 


Spec. 1. cont, Full-grown Narrow-Form ¢ J.CCLXXIII. 
1.D. Gnathopod 2, x 44 
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PuatEe 8. Specimen 1. 


1. cont. Full-grown Narrow-Form g J.CCLXXIII. x 44. 
1.0. Gnathoped i 1.E. Peraeopod 1. 1.F. Peraeopod 2. 


Pirate 9. Specimen 1. 
1. cont. Full-grown Narrow-Form ¢ J.CCLXXIII. The hinder peraeopods, right side. 


x 44, 
1. G. Peraeopod 3. 1. H. Peraeopod 4. 1. J. Peraeopod 5. 


Prats 10. Specimens 2, 4 & 6. 


Illustrating the difference between the females of the two Forms, Narrow and Broad. 
2. Young Narrow-Form 9, J.CXLIV. @ parent of Brood 5 (p. 36). All figures taken 
from Moult of Sept. 29, 1928, the second moult after the extrusion of the brood. 
2a. Antenna 1; R.S.; outer surface. x 30. 
26. Antenna 2; R.S.; outer surface. x 30. 4 
The secondary rows of stiff lightly curved bristles on the under surface are omitted 
for the sake of clearness. 
2c. Flagella of Antenna 1; R.S.; under surface. x 58. ; 
More highly magnified for comparison with that of the g Specimen (Plate 6, 1A). 
2d. Flagellum of Antenna 2; R.S.; under surface. x 58. ri 
More highly magnified for comparison with that of the § Specimen (Plate 6, 1B). 
2e. Hand of Gnathopod 2. x 58. 
4. Broad-Form 9, J.11, fully adult. Figures from Moult, May 31, 1928. x 30. 
4a, Antenna 1: L.S.; showing the proportions and setation of the joints. 
4b. Antenna 2; L.S.; the secondary rows of stiff curved bristles indicated on the under 
surfaces, but the full number of the plumose hairs not figured for the sake of clearness. 
6. Full-grown Broad-Form 2, J.VIII. Dead. June 23, 1928. 6. Hand of Gnathopod 2, 
Si 8, 


Pratt 11. Specimen 3. 


3. Young Broad-Form 4, J.XCIX, adult, but not full-grown, $j parent of Brood 14 (p. 37). 
All figures from dead specimen, Sept. 26, 1928; and all x 58. 

3a, Peduncle-joint 3, and flagella of Antenna 1; L.S.; under surface. 

36. Peduncle-joint 5, and flagellum of Antenna 2; R.S.; upper surface. 

3c. Gnathopod 2; L.S.; gill omitted. 

3d. Peraeopod 1; B.S. 


Pirate 12. Specimens 5 & 7. 


5. Young Broad-Form 92 J.XCIX. @ parent of Brood 14 (p. 37). All figures from Moults, 
Sept. 19 and Oct: 6, 1928. x58. 

5a. Flagella of Antenna 1; L.S. under surface. Sept. 19, 1928. 

56, Flagellum of Antenna 2; L.S. under surface. Sept. 19, 1928. 

5c. Flagellum of Antenna 2; R.S.; under surface; diagrammatic. Oct. 6, 1928. 

5d. Flagellum of Antenna 2; L.S.; upper surface, showing the fusion of joints 1 and 2; 
diagrammatic. Oct. 6, 1928. 

5e. Hand of Gnathopod 2; R.S.; upper surface. Sept. 19, 1928, i.e. the moult after 
extruding Brood 14 (p. 38). 

5 f. Peraeopod 1; showing the normal broodplate for comparison with the ¢ Intersex 
(cf. Pl. 26; fig. 176). Gill omitted for sake of clearness. 

7. Narrow-Form 3: Cut-across stage: $J.5 (1): F, of 2J.CXLIV. Dead. Dec. 21, 1928. 
Figures x 58. 

7a. Flagella of Antenna 1; R.S.; under surface. 

76, Peduncle-joint 5 and flagellum of Antenna 2; R.S.; under surface. 

7c. Hand of Gnathopod 2; L.S. 


Puate 13. Specimen 8. 


In this and the following Plate, three consecutive developmental stages of a Broad-Form 3 
are shown. 


Spec. 


8. The ¢ illustrated is J.17 e, F, of the Broad-Form pair J.CLXXIV. All figures x 58. 

8a. Hand of Gnathopod 2; L.S.; Straight Cut-across stage ; Moult, May 18, 1929. 

8 6b. Hand of Gnathopod 2; L.S8.; Straight Out-across stage; next Moult, June 1, 1929. 

8d. Gnathopod 2; joints 1-4. Moult, May 18, 1929. 

8, f, g. Flagellum of Antenna 2; to show the proportion of the joints and the position of 
the setation. 

8 e. Diagrammatic. Moult, May 18. 

8 f. Diagrammatic. Moult, June 1; hairs and hooked spines as in e, 

8g. R.S.; under surface. Dead, June 10. 

8h. Peraeopod 1; gill omitted; from Moult, May 18, 1929. 
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PuatE 14. Specimen 8, 


7 pees ee ae ee F, of Broad-Form pair J.CLXXIV. x58.) 
: > ttand or Gnathopod 2; L.8.; Adult stage, as it reed fi its 
7 i a ge, aS it emerged from its Moult on June 1. 
87. Peraeopod 1. RS. from dead specimen, June 10, showing the great increase in size- 
and in the setation, compared with the moult figured in 8 h, (Pl. 13). On the left side, 
the basal joint carries two of the stiff bristles on the anterior margin. 
8k. Gill of Peraeopod 1; June 10, 1929. 


Prats 15. Specimen 9. 


Spec. 9. Constricted Truncate Thumb, Broad-Form, figured from ¢ J.30a(6) Fy of 


Spec. 


Spec. 


Spec. 


Broad-Form 9 J.CCLXII. All figures x 58. 
a. The Sloping-Cut stage. Hand of Gnathopod 2; L.S.; Moult, July 6, 1929. 
6. Gnathopod 2; joints 1-4; R.S. Moult, July 6. i 
c. Peraeopod 1; R.S.; Moult, July 6. 
d, Hand of gnathopod 2; L.8S.; Adult stage. Dead, August 24. 


PuatE 16. Specimen 10. 


10. Intermediate Truncate Thumb, Broad-Form, figured from the 3 J.30 a, F, of 

QJ. CCLXIT. All figures x 58. : 
Sloping-Cut stage. 

10 a. Hand of Gnathopod 2; L.S. Moult, July 1, 1929. 

10 6. Gnathopod 2, joints 1-4; L.S. Moult, July 1, 1929. 

10c. Antenna 1; R.S. Moult, July 1, 1929. 

10d. Antenna 2; R.S. Moult, July 1, 1929. 

10 e. Peraeopod 1; L.S. Moult, July 1, 1929. 

10 f. Gnathopod 2; L.S. Adult stage. Dead, after moulting, July 1, 1929. 

10 g. Gnathopod 2; thumb and spine-group on right side, showing the extra spine. Dead,. 
July 1, 1929. 


PuatTEe 17. Specimens 11 (1) & (2). 


11. Sharply Truncate Thumb, Broad-Form, figured from two males of Brood 17,. 
F, of Broad-Form pair J.CLXXIV. All figures x 29. 

11 (1) a. From g J.17d. Antenna 2; L.S.; showing setation and colour-pattern. Dead,. 
June 18, 1929. 

11 (1) 6. Gnathopod 2; L.S.; showing colour-pattern. Dead, June 18, 1929. 

11 (2) c. From g J.17c. Gnathopod 2; L.8.; gill as in fig. 11 (1) 6b. Dead, June 1, 1929.. 

11 (2) d. Peraeopod 1; R.S.; the basal joint on L.S. carries three long bristles, and one just 
appearing. Dead, June 1, 1929. 


/ 


PratE 18. Specimens 12 (1) & (2). 


|2. Short Truncate Thumb, with Humped Claw, Narrow-Form, figured from. 
two males, one g J.5 (11), F, of Narrow-Form 2 J.CXLIV; and one brought 
in from the wild, K.B. 31. All figures x 58. 
12 (1) a. From g J 5 (11). Hand of Gnathopod 2; L.S.; Dead, Nov. 26, 1928. 
(12 (2) 6. From ¢ K.B.31. Dead July 5, 1930. Gnathopod 2; R.S. 
12 (1)¢. g J.5 (11). Dead, Nov. 26 1928. Peduncle-joint 3 and flagella of Antenna 1 ;: 
R.S.; diagrammatic. ius 
12 (1) d. gf J.5 (11); Dead, Nov. 26, 1928. Peduncle-joint 5 and flagellum of Antenna 2 ;. 
R.S.; diagrammatic. : 
12 (2)e. @K.B.31. Dead, July 5, 1930. Flagella of Antennal; L.S.; diagrammatic ;: 
setation omitted. 


PuaTE 19. 2 Specimens 13 (1) & 13 (2). 


-Form Intermediate with short pointed thumb: figures taken frorn 

a ies fil: one from the Laboratory experiments ¢ J.5 (2), F, of 9 J.CXLIV ; 
and one brought in from the wild, K.B.11. All figures x 58. 

a. From $3.5 (2). Adult. Dead, Dec. 21, 1928. Hand of Gnathopod 2. L.S. 
b. gd J.5 (2). Dead, Dec. 21, 1928. Flagella of Antenna 1 ; L.S.; under surface. 
c. 6 J.5 (2). Dead. Dec. 21, 1928. Flagellum of Antenna 2; L.S.; under surface.. 
d. From ¢ K.B.11. Cut-across stage. Moult, May 9, 1930. Gnathopod 2; R.S8. 
e. 6 K.B.11. Adult stage. Dead, May 30, 1930. Gnathopod 2; R.S. 


PratE 20. Specimen 14 (1). 


Spec. 14 (1). Intermediate with short pointed thumb, Broad-Form, figures taken from 


male J.21b, F, of 9 CCXVITI, extruded March 1, 1929; Dead, May 27. AIL 
figures x 58. 
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14a. Qnathopod 2; L.S. Dead, May 27, 1929. 
146. Antenna 1; ; diagrammatic. 


RS. 5 
14c. Antenna 2; R.S.; diagrammatic. 


Pirate 21. Specimen 14 (2). 
14 (2). Intermediate with short pointed thumb, Broad-Form. Figures taken from 


gJ.11 ex 2 J CXLI. x58. From g J.11. 
14d. Sloping-Cut stage. Moult, Feb. 10, 1929, animal 4 mm. in le 


pod2; R.S8. 
14e. Sloping-Cut stage. 


ngth. Hand of Gnatho- 


Moult, Feb. 23, 1929. Hand of Gnathopod 2; B.S. 


14f. Adult stage. Dead, May 1, 1929. Gnathopod 2; R.S. 
14g. Moult, Dec. 18, 1928, the animal barely 3mm. long. Antennae | and 2; R.S8.; 
diagrammatic. 


14h. Moult, Feb. 10, 1929. Antenna 1; L.S.; diagrammatic. 
147. Moult, Feb. 10, 1929. Antenna 2; L.S.; diagrammatic. 
14k. Dead, May 1, 1929. Antenna 2; L.S.; diagrammatic. 


Prats 22. Specimen 15. 
15. Tilustrating in this Plate and the two following, the 3 Intersex J.l4.c, Fy of Broad- 
Form pair, J.XCIX. All figures x 58. 
Successive Moults. 
15 a. Hand of Gnathopod 2; R.S., outer surface. Moult Feb. 19, 1929. 
15. Hand of Gnathopod 2; L.S., under surface. Moult Feb. 19, 1929. 
15 c. Hand of Gnathopod 2; R.8., outer surface. Moult, March 9, 1929. 
15d. Hand of Gnathopod 2; L.S., under surface. Moult, March 9, 1929. 
15e. Antenna 1; peduncle-joint 3 and flagella ; L.S., under surface. Diagrammatic. 
Moult, March 9, 1929. 
15 f. Antenna 2; peduncle-jomt 5 and flagellum; L.S., under surface. Moult, March 9, 
1929. 
Pirate 23. Specimen 15 cont. 


15 cont. ¢ Intersex J.14 c, F, of Broad-Form pair J.XCIX. All figures x 58. 
15g. Gnathopod 2; joints 1-4; R.S.  Moult, April 20, 1929. 

15h. Hand of Gnathopod 2; R.S., outer surface. Moult, April 20, 1929. 

15 7. Hand of Gnathopod 2; L.S., under surface. Moult, April, 20, 1929. 


- 15h. Peraeopod 2, showing the broodplate of the ¢ Intersex. Moult, April 20, 1929. 


Spec. 


Spec. 


Spec. 


This is the moult after the mating with the normal 2 14 c took place, recorded in 
the text. (See also fig. 15 q, Pl. 24). 

151. Hand of Gnathopod 2; R.S., outer surface. Moult, May 9, 1929. 

15m. Antenna 2; flagellum, R.8., diagrammatic. Moult, May 9, 1929. 

15 n. Hand of Gnathopod 2, showing the alteration and deterioration in the thumb with 
age. Moult June 4, 1929. R.S. under surface. 


PruatE 24, Specimen 1d. 
15 cont. g Intersex J.14c, F, of Broad-Form pair J.XCIX. All figures x 58. 


is Oo. Antenna 1; L.S., under surface, diagrammatic. Dead, June 16, 1929. 
15 p. Antenna 2; L.S., under surface, diagrammatic. Dead, June 16, 1929. 
15q. Normal 2 14¢ of the same brood, which mated with this ¢ Intersex ; showing 


the normal female broodplate as compared with the male Intersex broodplate 
(Pl. 23, fig. 15 k) at the time of mating. From Moult, March 25, 1929. 


PuatE 25. Specimen 16. 


16. 3 Intersex J.55, F, of J.14a, F, of Broad-Form pair J.CXIX. All figures x 58. 
16a. Hand of Gnathopod 2; R.S., outer surface ; diagrammatic. Moult, June 14, 1929, 
16 6. Flagella, Antenna 1; L.S., outer surface ; diagrammatic. Moult, June 14 1929. 

16 c. Flagellum, Antenna 2; R.S., under surface. Moult, June 14, 1929. : 

16 d. nae eae ae me showing the developing broodplates of the male: pp. 1 
on the 1ight side had four stiff bristles on the anterior margi jO1 i 
cuiticd: Moule founesla reed gee site 

16 e. Gnathopod 2; L.S. Dead, July 16, 1929. 

16f. Peraeopod 1; L.S. Dead, July 16, 1929. 


PuatE 26. Specimen 17. 


17. g Intersex J.56, F, of J.14 a, F, of Broad-Form pair J.XCIX. x58. 
17a. Hand of Gnathopod 2; R.S., outer surface. Moult, June 17, 1929. 
NE to); ay showing broodpiate of male Intersex. Moult, June 17, 1929 (cf. Pl. 9 
g.5f). = 
17c. Gnathopod 2; L.8.; the broodplates were lar d full 1 i 
| 25 ; ge and fully developed, with | E 
lacing hairs, but too much crumpled to figure. Dead, ane 13, 1939. aa 
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PrLavTE 27. Specimen 18. 


18. In this and the two following Plates the Large Polar Form is illustrated. The 
figures are taken from one of Pfeffer’s South Georgia specimens. x 32. 

18 A. Head and Antennae of 3 specimen from South Georgia. Probably the hairs and 
bristles of Antenna 2 are represented as less numerous than they should be, 
some appear to have been broken or rubbed off. 


PLATE 28, Specimen 18. 
18 cont. The Large Polar Form. Figured from Pfeffer’s South Georgia specimen. 
X 32. 
18 B. Gnathopod 2; R.S8. The sideplate is angular and bent. The bristles on the 
basal joint are sparsely feathered, but the finer hairs have been rubbed off. 


PLATE 29. Specimen 18. 


18 cont. The Large Polar Form. Figured from Pfeffer’s South Georgia specimen. x 32. 

18 C. Peraeopod 1; R.S.: Peraeopod 2 very similar, with 12 bristles on the basal joint. 
18 D. Peraeopod 3: L.S. 
18 E. Peraeopod 4: L.S 
18 F. Peraeopod 5: L.S 


Puate 30. Specimen 19. 


19. Walker’s spec. D referred to in his paper, Notes on Jassa falcata (Mont.) 1911. 
Hand of gnathopod 2, R.S.; x 42. The animal is in the act of moulting, showing 


the Major Form emerging from the straight Cut-across stage ; with the cuticle very 
soft and crumpled and the thumb not yet straightened. (See p. 77.) 
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THE EVOLUTION OF ARTHROPODAN LOCOMOTORY MECHANISMS.— 
PART 2. GENERAL INTRODUCTION TO THE LOCOMOTORY 
MECHANISMS OF THE ARTHROPODA. By S. M. Manton (Mrs. J. P. 
Harpine@), from the Zoological Department, King’s College, London, and The 
British Museum (Natural History). 


(With 5 text-figures.) 


[Read 5 April 1951.] 
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INTRODUCTION. 


An analysis of the locomotory movements employed by the various groups 
of Arthropoda shows that the gaits of these groups are more specialized than those of 
the Onychophora (Part 1). The gaits of the Onychophora show a fundamental 
advance on those of the Annelida (see Part 1 and also a subsequent Part), an advance 
that must have been characteristic of all Arthropoda at an early stage of their 
evolution. Annelida with well-developed parapodia presumably gave rise to the 
Arthropoda. The Errant Polycheata today, while in no way showing direct ancestry 
to the Arthropoda, possess parapodia of some size, and their method of locomotion 
probably resembles that of the annelidan stock of the Arthropoda. In many of the 
larger Polychaeta the crawling mechanism would be less efficient or inoperative if 
lateral undulations of the body were absent, yet these undulations result in energy 
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expended in side to side movements which may be considered wasteful in the achieve- 
ment of forward progression. The ancestors of the Arthropoda vera* must have 
eliminated these lateral undulations by an increase in the utilization of extrinsic limb 
muscles in the manner shown by Peripatus, so perfecting a new type of locomotory 
mechanism in which more of the available energy could be transformed into forward 
movement. Undulations of the body during walking in the living Arthropoda vera are 
generally absent, and many structural features have been evolved which eliminate or 
curtail the appearance of such undulations (see p. 113 and Part 3). In Myriapoda 
executing their maximum speeds undulations may appear, but only when the con- 
trolling mechanisms become inadequate. The range of gaits shown by the Onychophora 
is sufficiently wide to provide a common origin for all the more specialized types of 
arthropodan gait, and it may therefore be concluded that the ancestors of the 
Arthropoda vera probably possessed a locomotory mechanism such as shown by 
Peripatus. 

The arthropod groups have restricted their versatility and become more proficient 
in one particular type of gait. The form of the body and the number and shape of 
the segments in each group is found to be correlated in great detail with the type of 
gait employed (see subsequent Parts). These morphological specializations enable 
the execution of a particular type of gait to be further advanced, but at the same 
time renders the animal less capable of performing other gaits. This results in a 
loss of the versatility shown by the Onychophora, and in the evolution of structural 
features which in large measure are accepted as diagnostic features of the several 
groups. A study of embryology, and of the methods of sensory perception, and of 
obtaining and manipulating food, have already contributed to our knowledge con- 
cerning the evolution of the Arthropoda, but with particular reference to the head. 
The present series of contributions advances our knowledge concerning the trunk 
region and locomotory limbs. 

In the present Part the methods used are recorded, and certain general conclusions 
presented relating to the groups of the Arthropoda. The details concerning each 
group will be given in subsequent Parts. 


METHODS, 


The methods employed for elucidating the gaits of the Onychophora (Part 1), 
namely cinematography, still photography, and the analysis of tracks, have been 
further developed. Different animals may require unlike treatment. 

Most Arthropoda exhibit a variety of gaits which cannot all be called forth to 
order. It is necessary to obtain data relating to as wide a range of speeds as possible 
for each species. This often presents difficulties, since some animals will not walk 
slowly under bright illumination, and most Arthropoda only execute their maximum 
speeds with reluctance, so that the fastest speeds recorded on many occasions may 
actually be very far short of the maximum. Greatest speeds have been recorded 
from animals either freshly caught or just liberated from darkness. They are usually 
shown on the first few experimental runs only, and are seldom repeatable with the 
same animal. In captivity, many Arthropoda become ‘tame’ and will not exert 
themselves to the utmost, even if perfectly healthy and growing well under laboratory 
conditions. 

The analysis of cinematograph films recording up to 30 frames per sec. by di 
plotting the positions of the limb tips, as ouilosee for Dect (Part 1 es 
3-5) and by other workers for insects etc., is only serviceable for animals which step 
slowly. For many fast stepping Arthropoda, only two to three frames per pace will 
be so recorded, and direct plotting gives little indication of the details of the gait 
Since the positions of the legs at time intervals of a few thousandths of a second must 
sometimes be considered, it becomes necessary for many purposes to analyse individual 


* The groups of Arthropoda provided with a stiff integument and i 
will be referred to as the Arthropoda vera. aerate CSN TS 
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photographs, unless electronic flash cinematography is employed. A timed series of 
photographs is often unimportant, since speeds and pace durations can be ascertained 
quickly by other means. For every animal a very large number of records may be 
required in order to obtain evidence concerning its whole range of capabilities, and to 
obtain this evidence by cinematography, even if it were possible, would entail an 
unnecessary amount of labour and expense. Cinematography has been used where it 
has been serviceable, and a representative series of records at 30 frames per sec. has 
been made. Owing to the limitations in the usefulness of this method, a very much 
Jarger number of runs have been recorded by other means. Leica equipment has been 
used for still photography, a photometer always being employed. The films which 
have been most useful are ‘ H.P.3.’ and ‘F.P.3.’ and ‘Panatomie X’. The illumination 
has been either continuous or for the duration of the exposure. Heat screens and 
damps chambers are necessary for some animals. Exposures of 1/1000th sec. or 
more can be adjusted so that the legs swinging forwards in the recovery stroke appear 
slightly blurred, and so contrast with the legs in contact with the ground which are 
sharp, as shown in most photographs on the plates. It is important to know with 
accuracy whether a leg in a photograph is on or off the ground. Photography of 
an animal running on smoked paper is serviceable in this respect, since both photo- 
graph and track can be examined (see Part 3, text-fig. 5c and fig. 30, Pl. 33). 

Runs have been made on smoked paper, and the tracks subsequently analysed. 
Records can be obtained in this way of slow gaits which some animals will not 
perform under bright illumination. It is usually desirable to record the speed at 
the same time. This can be done either by stop watch, or for fast running animals, 
more accurately by ‘long’ exposure photography. A dark animal is marked with 
a white spot, and an exposure of 1/40th—1/200th sec. is given, which results in a 
blurred image of the animal. The apparent length of the white spot compared 
with its real length records the advance made by the animal during the exposure 
time, and thus the speed is known and the gait can be ascertained from the track. 
The duration of the pace can be calculated if all footprints can be identified on the 
track, as is usually the case, but if the stride cannot be clearly determined from the 
track, as for most Diplopoda, the number of metachronal waves passing a marked 
point on the body of the animal may be counted during the timed run on smoked 

aper. 
y. The variable characters to be determined are :—(1) the relative durations of the 
forward and backward strokes, (2) the phase differences between the paired and 
successive legs, (3) the angle of swing of the leg (see Part 1, p. 533), and (4) the 
duration of the pace. In determining a gait from either still photographs or separate 
frames of a cinematograph film, the angle of swing of the leg and the pace duration 
need not, at first, be considered. In most, but not all Arthropoda, the phase difference 
between the paired legs is constant for each species, and the nature of this relationship 
can be readily determined from the tracks. Graphical tables have been made showing 
the possible combinations of the relative durations of the backstroke and of the phase 
difference between successive legs, such as text-fig. 1, Part 1 and text-figs. 4 and 5, 
shown here. An infinite series of theoretical combinations exists, but as soon as 
the factors determining the practibility of the gaits of each general type are deduced, 
then a more limited series of such tables covering all practicable gaits, can be made. 
By comparing single photographs with moments (vertical lines) on these tables, 
the gaits shown by each photograph can be diagnosed. The range of movement 
of the legs about the transverse plane must be ascertained in order to interpret 
the position of a leg on a photograph. For the anamorphic Chilopoda, where the 
range of gaits is very small, further refinements have been necessary in orden to show 
that minute details of the gait involving time intervals as small as 0-002 sec. are of 
importance to these animals. A preliminary analysis can be made as described 
above, and then a numerical consideration of the tracks must be combined. with the 
analysis of the photograph of the animal on the tracks (see Part 3, text-fig. 7h and 
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fig. 38, Pl. 35). This method is laborious to employ because of its delicacy, and from 
the fact that an animal does not execute its gait with mathematical accuracy at every 
moment, there being continual small compensations for deviations from the mean, 
as found in Peripatus. 

The duration of a pace changes but little in the Onychophora, but in the Arthropoda 
vera changes in this factor are of major importance in controlling the speeds, and 
must be recorded along with other data (see p. 103 and table 1). The range of pace 
durations considered for each animal is arbitrary, and is defined on p. 103. 

The speeds of many Arthropoda of different sizes but of similar species are found 
to be proportional to the body lengths. In making comparisons between the 
performances of Arthropoda of different species, linear dimensions and body weights 
are unsuitable bases for comparison, owing to variations in both the number and 
the shape of the body segments. For numerical comparisons between different 
species, the size of the animals chosen has been such that a body segment shows 
the same volume in each species, and thus if the leg-bearing segments are similarly 
distributed, each leg bears an approximately similar load (see text-figs. 1, 4 and 5 
and Part 3, text-figs. 1 and 2). Where several specimens of the same species are 
figured on the plates, they are enlarged to approximately the same size, so that 
linear measurements concerning their gaits can be appreciated directly. Where 
text-figures illustrate the tracks of animals shown on the plates, they are usually 
reproduced on the same scale as the animals shown on the plates, in order to facilitate 
the descriptions of the gaits and for numerical comparisons. 

The effects of temperature have not been investigated. It has been shown by 
Crozier (1924), and Cloudsley-Thompson (1951) that the speed of walking in the 
Diplopoda increases with a rise of temperature. An increase in temperature clearly 
results in a decrease of the pace duration, but it is also possible that some animals 
may employ different combinations of pace duration and pattern of gait at different 
temperatures. The data recorded here and in subsequent Parts refers to room 
temperature for all animals, British and foreign, but the range of temperature 
experienced by the animals was not uniform owing to variation in heating of the 
pees ue in heating up of the apparatus, which could not conveniently be 
controlled. 


THE ARTHROPODAN TYPE OF INTEGUMENT, MUSCLE AND LIMB. 


The Arthropoda vera show two great advances beyond the Onychophoran stage, 
the possession of (1) a more or less rigid integument and (2) striated muscle. These 
two acquisitions appear to have been the major factors influencing the evolution 
of the Arthropodan gaits from those of their soft-bodied ancestors. The increased 
rigidity of the integument localizes the effective contractions of a muscle and results 
in the formation of joints in both body and limbs, and the striated types of muscle 
enable more rapid movements to be made. 


Form of the limb. 


The form of the limbs changes greatly in association with the above advances. 
The Onychophoran limb is short and wide and slightly splayed out from the body 
(text-fig. 1), and it changes its length during the execution of each step by concertina- 
like expansions and contractions (Part 1). In the Arthropoda vera the limbs are 
much longer but narrower, and the effective length during each step is altered by 
the changmg flexures between the joints (text-fig. 3). A narrow pomted limb can 
execute an advantageous method of stepping which is adopted by the majority of 
Arthropodan groups (see p. 102), but is impossible to the Onychophora. 

An increase in the length of the leg is a necessary preliminary to a gaining of 
speed in the Arthropoda, but the mode of employment of the leg is of much greater 
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importance. In text-figs. 4 and 5, data are presented concerning Peripatus and 
three myriapods which are scaled to a common segment volume (see p. 96); the loads 
on the legs are approximately equal, and the speeds, stride lengths, lengths of leg, 
etc. are comparable. It is seen that leg 14 of Peripatus walking in ‘ middle gear’ 
is roughly a quarter of the length of this leg in the Myriapoda in text-fig. 5. Leg 14 
in the diplopod Spirostreptus is a little longer than it is in the chilopod Oryptops, 
and it is longer still in Polydesmus. The length of a stride is related to the duration 
of the pace and to the speed (see Part 1, p. 536); the speed is dependant upon the 
distance travelled by the base of the leg during the propulsive backstroke, and this 
distance will be greater when the leg is longer. The stride lengths shown in text-figs. 
4 and 5 are roughly correlated with the lengths of the legs in the several animals, 
and leg length is the most important of the factors controlling stride length. The 
speeds achieved by legs of approximately the same length may be, however, very 
different, the 2-5 mm. leg of Spirostreptus giving only 11 mm.p.sec. while the shorter 
2.4mm. leg of Cryptops achieves 180 mm.p.sec., and an intermediate speed is 
' shown by Polydesmus with a 2-9 mm. leg. The methods of obtaining various speeds 
are considered on p. 103. 


Upright and hanging stance. 


It is not infrequently held that increase in leg length in the Arthropoda has 
resulted in the animal ‘ standing up’ on its legs. Actually, the bodies of very few 
terrestrial Arthropoda can be so described, the majority in fact, ‘ hang down’ from 
their legs. In text-fig. 1 are shown scale drawings of the body and legs relative to 
the ground in a number of living Arthropoda. The segments are shown in transverse 
section and their volumes (see p. 96) are similar throughout. The legs are shown 
projecting from the body in the transverse plane; this may be a normal position 
for some animals, but for others the leg chosen may actually project somewhat 
backwards to the transverse plane. In Peripatus the point of origin of the leg is 
always the point where the leg is farthest from the ground ; in Pauropus a doubling 
in leg length is seen together with a narrow jointed form, here the animal stands 
up farther on its legs, which are slightly splayed out. Such a stance is infrequent 
in Arthropoda, it is found in Hypogastrurid Collembola, for example, which like 
Pauropus inhabits draught-free environments such as the interior of decaying logs. 
It is a very unstable position, and unless the animal is wide or is provided with 
claws it readily falls over sideways when running if exposed to slight air movements, 
as does Pauropus in an open damp chamber. (The gaits are such that few legs may 
be in contact with the ground at one moment.) Stability in more usual environments 
exposed to air movements, wind or currents, combined with a greater increase in 
leg length is obtained by the tip being placed on the ground farther from the base 
of the leg, and by the leg being flexed so that its attachment to the body is not the 
highest point of the leg as it is in Peripatus, Pauropus and some Collembola. This 
suspension of the body from the middle region of the legs keeps the centre of gravity 
low and presents an admirable method of gaining stability, as well as increasing the 
leg length which is useful for speed. In Lagia a more complex folding of the legs is 
shown, and there is also a considerable variation in the distance of the footfalls 
from the middle line (see right and left sides of the diagram in text-fig. 1), but the 
result, as before, is the keeping of the centre of gravity of the animal close to the 
ground. In the spider and the scorpion (Buthus) the basal part of the leg rises steeply 
as it leaves the body, a condition which is exaggerated in harvest-men, Scutigera 
(see Part 3) and spider-crabs, where the rise may be almost vertical and the legs much 
longer. The weights of most Arthropoda relative to their surface areas is insufficient 
to allow of an ungulate-like build, such as is possible in the larger mammals, which 
can combine standing up on long legs with stability against winds. This hanging 
stance is thus a necessity to most Arthropoda. Comparatively large Arthropoda, 
such as the racing crabs (Ocypoda) stand well up on their legs, this stance probably 


being facilitated by their weight. 
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Single segments of a series of Arthropoda are shown in transverse section, with their limbs drawn 
relative to the ground as seen in the living animals. The scales chosen are those which in 
each case give a segment of the same volume (see p. 96), and the two figures of Peripatus 
represent the same segment employing different gaits. The Scorpion and spider show walking 
leg 3, Astacus and the earwig walking leg 2, and Ligia walking leg 6. 
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Fields of movement of the legs and number of legs employed. 


The length of the legs of Arthropoda is correlated with their gaits a i 
but also with the number of walking legs present. Text-figs. 2 and 3 Tea re 
range of movements of the legs in a variety of Arthropoda. The most anterior and 
posterior positions of each leg are shown by a pair of lines diverging from the on 
ae of the leg, and the heavy vertical lines represent the path travelled ee the 
ee of the leg relative to the body during the propulsive backstroke. The path 

ravelled by the tip during the recovery stroke is usually much farther from the 
pete shown by the dotted line for Scutigera along which the tips of all legs are 
ee ce Sates eee - In sooeee the fields of movement of successive 
ae p > text-fig. 2), in t e scolopendromorph chilopod Cormocephalus 
se fields overlap a little, the overlap is greater in the Diplopoda such as Julus or 
Spirostreptus because the segments are short, and in the scutigeromorph Chilopoda 
ee me legs are much longer (see Scutigera, text-fig. 2), and here the fields of 
our to six successive legs overlap ; as they do in Ligia (text-fig. 3). When these fields 
overlap considerably the range of practicable gaits becomes small (see entries for Ligia, 
Scutigera and the Polydesmus in table 2, and p. 104) unless the phase difference 
between successive legs can also be small, as in Spirostreptus. The overlap of the 
fields of movement does not result in a crossing of successive legs in the propulsive 
phase (see Part 3), since the gaits are executed very exactly, with an appropriate 
phase difference between successive legs, in order to avoid mechanical interference. 
A minimum overlap of the fields of movement of successive legs will be obtained 
when the anterior legs swing somewhat forwards and the posterior legs somewhat 
backwards of the transverse plane, as in Scutigera, see text-fig. 2 and the animals 
shown in text-fig. 3. If, however, the number of legs is reduced and their length 
increased, a smaller number may cover the same total field of movement with 
little or no overlap of the successive fields, and no loss of speed may result. This 
factor has clearly led to the reduced number and to the dispositions of the legs 
in the Arachnida, Malacostraca and the Insects (see text-fig. 3). In Ligia (text-fig. 3) 
the fields of movement of the seven pairs of running legs overlap considerably, but 
do so to a lesser extent in the middle region of the body than do those of Scutigera 
(text-fig. 2) because of the smaller number of legs and the anterior and posterior 
spreading of their fields of movement. Unlike Scutigera the most posterior pair of 
legs of Ligia steps on the inner side of the pair in front. 
In animals with four pairs of legs the effects of the anterior and posterior spreading 
is even more marked on each leg, so that a smaller overlap of the fields of movement 
is seen in the scorpion, the crayfish, and in the spider when running fast. Again the 
posterior one or two pairs of legs step on the inner side of the pair immediately in 
front. This procedure minimizes the desirable degree of differential length of the 
legs, and enables the fields of movement to be spread more widely than would be 
possible if all legs stepped outside the pair in front as in Scutigera. The animals 
running on four pairs of legs employ the type of stepping described below, in which 
leg ‘n-+1’ is put on the ground before leg ‘n’ is raised, so that the use of a large 
angle of swing of the leg giving a small overlap in the fields of movement of successive 
legs, results in the tip of these legs momentarily crossing over in the propulsive phase 
(see spider running fast, text-fig. 3); any extensive crossing of the legs in the 
propulsive phase is disadvantageous (see p. 111). If, however, only three pairs of 
legs are employed, their fields of movement may be almost or quite separate, and 
the crossing of the propulsive limb tips is almost or completely eliminated, as seen in ° 
the spider running slowly (text-fig. 3). 

The use of only three pairs of legs, which is a facultative procedure in some spiders, 
becomes habitual in Galeodes (see text-fig. 3), one of the fastest of the land Arthropoda, 
and in many other Arachnida; only three pairs of legs are used for walking by 
many Malacostraca also (see spider-crab and prawn on text-fig. 2). The employment 
of three pairs of legs for running by most pterygote insects gives the same type of 
spacing of the fields of movement as seen in Galeodes (see diagram of the earwig 


100 S. M. MANTON : THE EVOLUTION. OF 


aaa 
re 


\ MACROPODIA 
A 


—— ——— 
|=) | 


A» 
“ 


CORMOCEPHALUS 


“top gear” 


F 
ex 


\ 
x) 


: 
7G 


NN 


Y 
( 


e 


(Se 


CORMOCEPHALUS 


“middle gear” 


ig 
Fi 


“ SCUTIGERA 
PERIPATUS ‘top gear" 


“top gear” 


A leg 
14 


c LEANDER 


Trxt-rias, 2 and 3. 

The field of movement of the legs of a series of Arthropoda. The figures of Peripatus, Cormoce- 
phalus and Scutigera are drawn to the same segment volume, but the diagrams of the other 
Arthropoda possess no common scale factor. If the spider-crab and prawn (text-fig. 2) and 
the spider, Gialeodes, Campodea and Forficula (text-fig. 3) were drawn with their bodies of 
the same weight or volume, their legs would be very much longer and with wider fields of 
movement than here shown. The heavy vertical lines represent the movements of the tip 
of the leg relative to the body during the propulsive backstroke. The path of the tip of 
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SCORPION fast SPIDER slow GALEODES 


ASTACUS CAMPODEA - FORFICULA 


Legend to Text-rias, 2 and 3 (continued). 


the limb during the recovery forward stroke is shown by dotted lines for Cormocephalus in 
‘top gear’, in Scutigera the limb-tips are swung forwards approximately on the common 
dotted line, and the forward stroke for the other animals is not shown. The two outlines 
for Cormocephalus in ‘top gear’ represent the extreme positions, about the direction of 
running, of the body when it undulates, one leg- bearing segment and its right leg are marked, 
and a dot shows the successive positions of the base of the leg as it moves about the transverse 
plane. The points A-E show successive positions of the tip of the limb during one stroke 
(for further details see text and Part 3). The other animals shown are the spider-crab 
Macropodia rostratus, the prawn, Leander serratus, the shore crab, Carcinus meanas, the 
scorpion, Bluthus australis, a British lycosid spider progressing at 36 and 250 mm.p.sec. 
in the two diagrams, Galeodes arabs, Ligia oceanica, Astacus fluviatilis, a British species of 
Campodea and the earwig, Forficula auricularia. 
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Forficula and Galeodes on text-fig. 3). The limb positions in Galeodes, however, 
can sometimes change so that the hinder leg is placed on the ground nearer to the 
middle line than legs 2 and 3. This disposition is usual in the Crustacea and in 
spiders when walking on only three pairs of legs (see diagrams of the spider-crab 
Macropodia, which walks forward and not sideways, and of the prawn on text-fig. 2 
and of the spider running slowly on text-fig. 3). In Campodea (see text-fig. 3), 
Lepisma, and some other Apterygota, the third pair of legs steps outside the fields 
of movement of both the first and second pairs, so contrasting with the Collembola, 
the pterygote insects, the Archnida and Crustacea. The oblique or sideways 
progression of the crabs represents another way of almost or completely avoiding 
the overlapping of the fields of leg movements, and the sideways progression allows 
of an even greater shortening of the leg bearing segments than is possible for other 
Arthropoda (see text-fig. 2). 

The result of an elimination of an overlap of the fields of movement is the practi- 
cability of executing a wide range of gaits by a long legged animal such as Campodea 
and the hemipteran, Gastrodes ferrugineus (table 2), in contrast to the small range 
of gaits which are practicable when the fields of movement overlap greatly (see p. 105). 

Owing to the small size of the Arthropoda, common wind velocities do not allow 
the evolution of bipedal locomotion, other than jumping, and the number of walking 
legs is never reduced below two effective pairs. When few legs are present, they 
are invariably located close together on a thorax or prosoma, they are never 
distributed at intervals along the body. The reason for this is given on p. 114, see 
also p. 116. 


Limb tips and stepping in the Onychophora and Arthropoda vera. 


The evolution of a narrow jointed limb in the Arthropoda vera is associated with 
an acute tip. This condition contrasts with that of the Onychophora, where the 
limb tip is broad. The clawed foot in Peripatus is usually held up, and the animal 
walks on the broad pads of sub-terminal spines, but on a slippery surface the narrow 
foot may be applied to the ground at each step after the leg has been put down, 
and the paired terminal claws protracted to grip the substratum. The claws are 
then retracted into the foot, in much the same way as they are in a cat, next the 
foot is raised, and then the limb is lifted off the ground. The possession of retractile 
claws, a movable foot and pads of spines for contact with the ground is a far more 
elaborate arrangement than is provided by the simple digitigrade spines, or clawed 
tarsi, of the majority of Arthropoda vera, where mobility, if any, is confined to the 
movement of the whole terminal joint of the leg. 

‘The narrow limb tip of the Arthropoda vera enables them to step in a manner 
which is impossible to the Onychophora. In Peripatus performing the predominant 
; middle gear’ gait (text-fig. 4 and Part 1, text-figs. 3-4), each leg is put on the 
ground just after the leg in front is raised, and in the ‘ bottom ’ and ‘ top gear ° gaits 
the time interval is longer. In the many legged Arthropoda vera in which the 
employment of a small phase difference between successive legs is necessary (Diplo- 
poda, Lithobiomorpha and Scutigeromorpha, see Parts 3 and 4) each leg is put 
down a little after the leg in front is raised (Part 3, text-figs. 1b and 2), the time 
interval nearly reaching half the pace duration in Lithobius and Scutigera. In 
the Geophilomorpha, Scolopendromorpha, many Arachnida and Insecta, on the 
contrary, each leg is put down just before the leg in front is raised (see Oryptops, 
text-fig. 5 and see subsequent Parts). The time interval between the footfall of 
leg “n-+1’ and the raising of leg ‘n’ is often very small, as in the Pauropoda and 
some Insecta, so that the leg change may be almost simultaneous. This method of 
stepping would be impossible to an Onychophoran owing to the thickness of the 
limb tips (unless the stride was considerably reduced, and this would undesirably 
reduce the speed). The evolution of pointed limb tips enables two successive legs 
either to occupy almost the same footprints, and leg ‘n-+1’ can be put on the ground 
slightly outside or inside the tip of leg ‘n’ before the latter is raised (see Arachnida, 
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Insecta and Malacostraca, in text-figs. 2 and 3). Thus a maximum stride is obtained 
without mechanical interference of one leg by another, combined also with an 
immediate transfer of the load from one leg to the next behind it, there being no 
time interval during which the weight of the body is temporarily borne by more 
remote limbs as occurs in Peripatus ‘ middle gear’. The body is at all times supported 
m a stable manner owing to this small overlap in the propulsive strokes of two 
successive legs. Once this method of stepping had been evolved, the further possibility 
was opened for a many legged arthropod to give rise to an efficient hexapod (see a 
subsequent Part). 

In Pauropus this stability is lacking owing to the simultaneous transfer of the 
weight from one leg to the next (see Part 3). In many Arthropoda employing three 
pairs of locomotory limbs the time interval between the putting down of leg ‘n-+1’ 
and the raising of leg ‘n’ is either very small or negligible, but the instability 
exhibited by the Pauropoda is absent because the legs are longer, the body hangs 
down from the legs, and the legs terminate in two or more gripping points. 


ARTHROPODAN Garts AND Mertruops or CHANGING SPEED. 


_The general matters considered in Part 1, pp. 534-6 and text-fig. 1 concerning the 
gaits of Peripatus also apply to the Arthropoda vera. The variable features of the 
gaits are :—the relative durations of forward and backward stroke, the phase 
difference between the paired and between the successive legs, the angle of swing 
of the legs and the duration of the pace. The time intervals between successive 
footfalls may become of importance to animals possessing about fourteen or fewer 
pairs of walking legs, but this factor appears to be of little importance to the Onycho- 
phora. The phase difference between successive legs will be referred to as in Part 1, 
and figures such as 0-2, 0-5, 0-7 etc. mean that each leg is either 0-2, 0-5 or 0-7 of a 
pace in advance of the leg in front. The metachronal waves travel forwards at a 
phase difference of <0-5 and backwards at >0-5 (see Part 1, text-fig. 1). 

The Onychophora show a wide range of gaits in which the relative duration of 
the backstroke and the angle of swing of the leg determines the speed, the duration 
of the pace fluctuating but little. In the Arthropoda vera the speeds achieved are 
greater, and alterations in the pace duration become of importance as a method of 
varying the speed, contributing from 38-85% of the increase of speeds given for 
the animals in table 1, column 1. A minimal value for the duration of the pace 
is fairly sharply defined for each species, although it may not be easy to record an 
animal’s maximal effort (see p. 94), but a maximal value cannot be stated with much 
precision because the duration increases greatly as the speed approaches zero. The 
slowest walking in which progress is evenly maintained has been taken as the lower 
limit for the gaits under consideration. 


Changes in the duration of the pace. 


It will be seen from table 1, column 1, that the effects of changes in the pace 
duration are not uniform throughout each animal’s speed range. Thus for the 
scolopendromorph, Cryptops anomalans, changes in the pace duration are at all 
times very important, but become progressively less so as the speeds increase, 
contributing 94, 85 and 82%, of the increase over the ranges given. A very much 
steeper decline in the effects of pace duration is shown by Lithobius, a 73% contri- 
bution at lower speeds being reduced to 31% at higher. A similar condition is shown 
by the earwig. In the spider, on the contrary, changes of pace duration become 
of progressively greater importance as the speeds increase, contributing 35, 68 and 
96% of the increase over the given ranges. 


Changes in the gaits. 

The range of gaits which are readily employed by a variety of Arthropoda are 
shown in table 2. The figures within the brackets in the right-hand columns denote 
the relative durations of the forward and backward strokes, as in Part 1. The range 
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iation, i i i in Peripatus is 30% of a 

t the relative durations of the backstroke in Pp Jo ¢ 
aes ee and a larger range is also shown by the less specialized 
Arthropoda vera, such as the Scolopendromorpha, Dipoploda and the scorpion. 


TABLE 1. 


ES II. JAG 


Percentage of increase of speed 
contributed by :— 


e of 
mea in Decrease of re- 
mm.p.sec. Decrease of the | lative duration 

pace duration. of the 
backstroke. 


Increase in 
angle of swing 
of the leg. 


Peripatopsis sedgwicki 54- 9 
68 mm, by gait 
(F, 60.,—A, 93.2) 
46- 9 
by gait 
(F; 82.;—H, 82-8) 


Polydesmus 9- 16 
21 mm. 


Oryptops anomalans 41-260 
38 mm. 11-111 
111-260 

260-290 


Nooo 


bo 


Lithobius forficatus 40-280 
25 mm. 40— 70 
64-184 

184-280 


Scutigera coleoptrata 125-420 
22 mm. 


Lycosid spider 386-253 
9 mm. 36— 76 
76-175 

175-2538 


Earwig 20-98 
Forficula auricularia 20-33 
11 mm. 33-59 
59-98 


Table showing the contributions made to an increase in speed by the three factors 
entered in column I to ITI for the given animals. The entries in heavy type refer to the 
whole of the observed speed range of each animal, and the several éntries below refer 
to successive parts of this range. The figures illustrate the matters referred to in the 
text, and in some cases may be subject to minor revision in subsequent parts. The 


speeds of Scutigera are probably not maximal, and{the entries for Cryptops are explained 
in Part 3. 


When the legs are long and numerous, the range of possible gaits is restricted as in 
some Diplopoda, such as Polydesmus, wherein surface running the gait does not change, 
a 5% range is shown by Polywxenus, Ligia shows a similar or smaller range, and 10% 
is seen in the anamorphic Chilopcda. When the number of long legs is small, the 
range of practicable gaits increases, owing to the separation of the fields of move- 
ment of each leg (see above), Campodea and the hemipteran, Gastrodes ferrugineus 
showing a 30% range and the tenebrionid beetle, Helops laevioctostriatus showing 
a 25% range. Intermediate values of 20% are shown by the spider. 
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The effects of these changes in the relative duration of the backstroke are shown, in 
table 1, column II. The contributions to an increase in speed which are made by 
this factor are much less in all Arthropoda vera than they are in Peripatus, values of 
8-27% contrasting with 45-75% of Peripatus. The range of gait in Cryptops is con- 
siderable (table 2), yet its effect is of secondary importance to alterations in the 
pace duration, see table 1, columns I and II. However, as the speed increases, so 
the changes of the relative duration of the backstroke contribute progressively more 
to this increase, as they do in the earwig. In. the other Arthropoda shown in table 1 


TABLE 2. 


Range of variation in 


the relative duration Relative durations of 
Animal. of the backstroke, forward and back- 

expressed as percen- ward strokes in :— 

tages of the whole 

pace duration. slowest gaits. fastest gaits. 
The raillipede Spirostreptus ........ 45 (approx.) | (2-0: 8-0) approx. (6-5 : 3-5) 
HPETEPabUs errr. tern «erent are ctths Shc 30 (3:5 : 6-5) (6:5 : 3-5) 
Scolopendromorpha, =~ ............ 30 (4:5 : 5-5) (7-5: 2-5) 
SCOUDION ME Na acento Os eeaye tents 30 (2-0: 8-0) (5-0 : 5-0) 
CVG OPI OTS A secs Sererea eee Ge Ro 30 (2:5 2 7-5) (5:5 : 4-5) 
The hemipteran Gastrodes ferrugineus 30 (1:75: 8:25) (4:75 : 5-25) | 
The beetle Helops laevioctostriatus .. 25 2-5 : 7-5) (4:75 : 5-25) | 
JX Ibyaeeenoleenese” eS Seamiaaucams 20 (2:75 : 7-25) (4-75 : 5-25) 
UD ATW ae cueepeten Meters eat fevers niet stecoe sere 15 (3:5 : 6-5) (5:0: 5-0) | 
EEE ODCUS popere aiots: erereicnstontee taere ete be 10 (5:5 : 4-5) (6-45 : 3-46) 
ISYONIEUNTE ROM Oi cre Areeaitc ce 5 Gi ie tern 10 (5-5 : 4-5) (6:48 : 3-57) 
POLY LCNUSs Maton ciel avs are Monet. 2, Sa eave « 5 (5:0 : 5-0) (5:5 : 4:5) 
IELTS Gone <0 Se BO Oee << § (5-0 : 5-0) approx. 
OU DESIIUUS®. wate nic os a loretee a 8 3s Pee Oho 0 (5-0: 5:0) 


The range of changes in the pattern of the gaits in Arthropoda. 


a contrary condition prevails, and changes in the relative duration of the backstroke 
become of decreasing importance as the higher speeds are reached, contributing only 
1% and 4% in Lithobius and the spider respectively over the ranges given. It may 
also be noted that although the range of gaits shown by Lithobius is small compared 
with that of Oryptops (table 2) it contributes more substantially to speed increases 
over the middle ranges, 33% for the range of 64-184 mm.p.sec., than does the more 
extensive gait change of Cryptops. At low speeds, the gait in both Lithobius and the 
earwig changes but little. 


Changes in the angle of swing of the leg. 

The effects on the speed of changes in the angle of swing of the leg are shown 
in table 1, column III. It has not been found practicable to measure these changes 
directly, but since the alteration in both pace duration and pattern of the gait 
can be recorded, a subtraction of the effect of these changes from the observed 
speeds will give the magnitude of the effect of the changes in the angle of swing of 
the leg. The nature of the gait in the Scolopendromorpha is such that little increase 
in the angle of swing of the leg is practicable (see Part 3), but in a other groups 
changes in this factor are of great importance, producing 31-57% of the speed 
increases over the whole range, a figure in most cases greater than the contribution 
provided by changes in the gait. At the higher speeds an increase in the angle of 
swing of the leg becomes of considerable importance in some animals, in Lithobvus 
and the earwig contributing 68% and 51% respectively, but in the spider no further 
increase takes place (see entry for the speed range of 175-253 mm.p.sec. in table 1). 

The highest speeds are obtained in Peripatus by either an increase in the angle 
of swing of the leg in a ‘middle gear ’ gait (A, 63-2), or by a decrease in the relative 
duration of the backstroke by adopting a ‘top gear’ gait (H, #2), see table 1 and 
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i i he highest speeds are 
t+ 1. In the spider and in the Scolopendromorpha, t 
oes Best eet: by a decrease in the pace duration, and in Lithobius and 
the earwig by an increase in the angle of swing of the leg. 


Limitations in the range of gaits employed and changes in extension of the body. 


imitations in the range of gaits performed by the Arthropoda vera is 
caCae ec ae On with the Hiolomuicee of morphological features vo 
while facilitating each type es gait, make the performance of others more difficult 

i i e subsequent Parts). 

- ere ane ths of Daleeecte are associated with changes in the extension 
of the body and legs (see Part 1, pp. 530 and 533, and text-fig. 6). The ee 
‘stepping out’ by Peripatus when going faster results in an increase in the field o 
movement of each leg, because the length of the leg and its angle of swing both 
increase (see Part 1). A major function of the increase in body length which 


PERIPATUS 
“bottom gear” “middle gear” “top gear” 
LENGTH 28 
mim. 22 29 
STRIDE 1-9 2:4 2:9 
mm, 
SPEED 2.2 3:4 3°8 


mm. p. SCC. 


ee ee 


0-56 por 0-28, 
0:86 0-71 0:78 SEC. 
Relative durations of forward and back strokes. 
3°5:6°5 5:0:5:0 SERS Is 
Phase difference between successive legs. 
0-16 0-45 0-2 
leg 14, 
0°77 MM 


TExt-Fig. 4. 


Three segments of the body of a single specimen of Peripatus performing the three gaits. The 
movements of two successive legs are shown below, heavy lines denoting the propulsive 
backstrokes. The characteristics of the gaits and the durations of the pace and of the 


backstroke are given below, and the lengths of the animal, length of the strides and speeds 
are shown above. 


accompanies an increase in speed (see Part 1, table 2) must be that of keeping the 
fields of movement separate to avoid stumbling ; and a decrease in extension at 
slower speeds will bring the fields (of smaller magnitude) closer together, so reducing 
the strain on the body musculature. These changes in body extension and limb 
movements are also seen in the soft bodied diplopod Polyxenus and to a lesser extent 
in the epimorphic Chilopoda, where they appear to have a similar significance, but 
in the Scolopendromorpha they are also used to counteract a reduction in the 
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a“ 


effective angle of swing of the leg which is consequent upon body undulations (see 


Pah ae In other groups such length changes are generally absent. It will be shown 
at tor most arthropodan gaits a functional advantage will occur if the mobility 
SPIROSTREPTUS POLYDESMUS CRYPTOPS 
LENGTH 38 23 
mM mM. 2 4 
STRIDE 
mm. 4 11 8 


SPEED 
mm.p.sec.> 


SeC ae 004 4 
Relative durations of forward and back strokes. 
3-0:7-0 5-0: 5-0 725:2:75 
Phase difference between successive legs. 
0-04 0-12 0°86 
leg 14 - 
a 25 Yes =en TE aa as ie 


TEXT-FIG. 5. 


Twelve segments of the bodies of the Diplopoda, Spirostreptus and Polydesmus, and of the 
chilopod Cryptops are drawn in black on scales showing the same segment volume as the 
Peripatus on text-fig. 4. They are each performing pace durations and gaits associated with 
their characteristic habits. 'The movements of two successive legs are shown below, as on 
text-fig. 4. Propulsive legs are indicated by heavy lines, recovering legs by thin lines, and 
legs being either put down or picked up from the ground are hatched. The legs in Cryp- 
tops arise laterally, while those in the Diplopoda arise ventrally as seen in the transverse 
sections. Other data are entered as on text-fig. 4. The sizes given for Cryptops and 
Polydesmus are commonly found, but the adult Spirostreptus is a much larger animal, and 
its dimensions and performance have been scaled down to correspond with Polydesmus, 
Cryptops and Peripatus in text-fig. 4. 
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between the leg bearing segments is reduced, and this, combined with the develop- 
ment of a rigid exoskeleton in the evolving Arthropoda, may have been a factor 
favouring the curtailment in the versatility of the gaits and the acquisition of speed. 
by other means. It has been noted above (p. 99) that when the fields of movement, 
of successive legs overlap considerably the range of practicable gaits becomes curtailed, 
as in some Diplopoda, anamorphic Chilopoda and Isopoda. 


THe RELATIONSHIP BETWEEN THE RELATIVE DURATION OF THE FORWARD AND 
BACKWARD STROKES AND THE SHAPE AND NUMBER OF THE TRUNK SEGMENTS. 


A preliminary comparison will now be made between the gaits and body form of the 
Onychophora and the Myriapodan groups in order to illustrate the manner of 
evolution of some of the main methods of locomotion and their associated body forms.. 
A detailed account of these gaits will be found in subsequent Parts. 

In text-fig. 5, twelve segments of the bodies of a slow and a fast moving diplopod,, 
Spirostreptus and Polydesmus, and of a chilopod, Cryptops, are shown in black. 
The available evidence indicates that the diplo-segments of the Diplopoda represent 
two fused segments, and these fused segments are separated by interrupted lines. 
in the diagrams. In text-fig. 4, three segments of the same specimen of Peripatus 
are shown performing different gaits. The positions of the legs in the transverse 
plane for a number of Arthropoda are shown in text-fig. 1. In all diagrams on 
text-figs. 1, 4 and 5, the volume of a segment is the same (see p. 96). 

The Diplopoda carry the body well clear of the ground, the spiracles opening: 
into a ventral space between limbs, body and substratum ; and the insertion of the 
legs is such that their lateral projection beyond the body is less than it would be 
if they were inserted ventro-laterally as in the Chilopoda (see text-fig. 1). In the 
Chilopoda the clearance below the body is at a minimum, particularly when running: 
fast. The legs project laterally to a greater extent, and the spiracles open laterally. 
In neither group do the leg tips touch the ground vertically below their origin from. 
the body (see p. 97). 

Three gaits performed by Spirostreptus, Polydesmus and Cryptops respectively are- 
given in text-fig.5; the movements of two successive legs are shown, and speeds, stride 
lengths and body lengths (excluding antennae) are entered above. Comparable data. 
for the three gaits of Peripatus are given in text-fig. 4 where the lengths 22-28 mm. 
indicate the range of alteration in walking length exhibited by the same animal. 
Polydesmus and Cryptops are performing gaits and pace durations associated with. 
their faster speeds (comparable with the middle and right hand entries for Peripatus. 
on text-fig. 4) ; while Spirostreptus shows the type of gait used when the animal is. 
carrying an attached load of several times its own weight, the load giving a partial. 
representation of the condition of an animal forcing its way through soil (see Part 4), 
and comparable with the left hand entries for Peripatus on text-fig. 4. (Other 
gaits can be performed by Spirostreptus and Cryptops, but the ones shown are those: 
correlated with the special proficiencies of these animals.) It is seen that in Spiro- 
streptus the propulsive backstroke is of relatively long duration, in Polydesmus it. 
equals the duration of the forward stroke, while in Cryptops the backstroke is short. 
It is also clear that the length of each segment is roughly inversely proportional to- 
the duration of the backstroke. Comparison with text-fig. 4 shows that the three: 
gaits of Peripatus are roughly comparable to those of Spirostreptus, Polydesmus and. 
Cryptops, the ‘ bottom gear ’ of Peripatus has a relatively shorter backstroke than 
has Spirostreptus, the * middle gear ’ is similar to Polydesmus in this respect, and. the. 

top gear’ has a relatively longer backstroke than has Cryptops. Thus Spirostreptus: 
and Cryptops show gaits which are more extreme than the slower and faster gaits 
of Peripatus. The lengths of the segments of these Myriapoda are also roughly 
inversely proportional to the relative durations of the backstroke, but neither the: 
gaits nor the segment lengths in Peripatus reach the extremes shown by Spirotstreptus 
and Cryptops. It is not unlikely that the factors which favour an increased segment: 
length in association with afaster gait in Peripatus (see p. 106 and Part 3, p. 119) have: 


ARTHROPODAN LOCOMOTORY MECHANISMS.—PART 2 109 


also been operative in the evolution of the Chilopoda and Diplopoda, and have 
been contributing to a longer segment in the former than in the latter group. In the 
series of Arthropoda illustrated in text-fig. 1 the segment of each is drawn to the same 
volume so that a segment of apparently small transverse area has a correspondingly 
greater length than one showing a large transverse area. It will be seen that the 
sectional areas of Cryptops and of Spirostreptus are respectively smaller and larger 
than those of any of the other animals, and the predominant gaits of Cryptops and 
Spirostreptus also show relative durations of the backstrokes which are respectively 
shorter and longer than those of the other Arthropoda. Another, and probably 
more important, factor which has contributed to the shortness of the segments in 
the juliform Diplopoda concerns a need for powerful limbs for the bulldozer-like 
habits. Animals of similar width, depth, and limb length will be able to exercise 
power in proportion to the number of legs per unit length of trunk, and animals 
with short wide segments will be the more powerful burrowers (see Part 4). Such 
an increase in the number of legs per unit length of body is usually accompanied by 
an increase in the number of body segments, so that, apart from animals with par- 
ticular habits such as Glomeris, approximately the same over all shape is maintained. 

Lastly, the exploitation of powerful ‘ bottom gear’ gaits with relatively long 
backstrokes results in more legs pushing on the ground at all moments, and leads to 
metachronal waves comprising large numbers of legs (see Part 4). Since an even 
gait is achieved when several waves pass along the body simultaneously, animals 
using such gaits may need a larger number of segments than do animals which 
employ gaits with relatively shorter backstrokes. The large number of short 
segments in the burrowing Diplopoda may thus have been evolved in association 
with their gaits. 

Not all Chilopoda show segments as long as those of Cryptops (see Part 3). Two 
mutually exclusive types of gait are shown by the Geophilomorpha and Scolopend- 
romorpha on the one hand, and by the Lithobiomorpha and Scutigeromorpha on the 
other. A rather longer segment is shown by the former groups than by the latter, 
and the legs in both are clearly suited to the requirements of the gaits (see Part 3). 
It is suggested in Part 3 that a secondary shortening of the segments has also taken 
place in some burrowing Chilopoda in association with earthworm-like body movements 
not connected with appendicular locomotion. The Pauropoda show a gait basically 
resembling that of the epimorphic Chilopoda and a shortening of the segment has 
taken place here, but for different reasons from those appertaining to the Diplopoda 
or the Chilopoda (see Part 3). 

In the Chilopoda, as in the Diplopoda, the number of segments in the body is 
associated with the gait. A reduction in the number of pairs of walking legs to 
fourteen in the Lithobiomorpha and Scutigeromorpha, together with other features 
of the gaits, results in the legs being put down on the ground at approximately 
equal intervals of time, and every leg carries a similar and constant load, resembling 
an engine with evenly sparking cylinders. In the other Chilopoda with more 
numerous segments, the footfalls may occur at uneven intervals of time and the 
loads on each leg may then be uneven. A secondary increase in number of segments 
of the body in some Geophilomorpha to figures equalling or exceeding those of the 
Spirostreptus type of diplopod is associated with a burrowing habit (see Part 3). 

It is suggested in Part 3 that the several groups of living Chilopoda may have 
evolved from an ancestral type in which the number of pairs of walking legs may 
have been of the order of about 30-35, the smaller number in the Scolopendromorpha 
and Anamorpha and the larger number in most Geophilomorpha, being secondary 
features giving locomotory advantages. In Part 4 it will be shown how a moderate 
number of legs in the Diplopoda is associated with the faster gaits, and how the 
more powerful ‘bottom gear’ gaits are operated by over 120 pairs of legs, the larger 
number being considered to be a secondary specialization correlated with the gait. 
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Tur Disposition OF THE LEGS DURING THE PROPULSIVE BACKSTROKE, AND 

vue Puase RELATIONSHIP OF THE PAIRED Lazcs. 

The number of legs which are in contact with the ground (propulsive) at any 
one moment is roughly proportional to the relative durations of the forward and 
back strokes (see Part 1, p. 534), and the disposition of these legs along the body 
depends upon the phase difference between successive legs (Part 1, text-figs, 60 
and 9a and b, and Appendix I). When this phase difference is >0-5, successive 
propulsive legs converge (see Cryptops, text-fig. 5), and when it is <0-5 they diverge 
as in Polydesmus and Spirostreptus (see also below). It will also be shown that the 
relative duration of the backstroke and the phase difference between successive 
legs are closely associated, and that one does not usually change without the other 
(see Part 3, etc.). 

In text-fig. 5, the legs performing the propulsive backstroke are shown by heavy 
lines, those in the recovery forward stroke are indicated by thin lines and those just 
touching or leaving the ground are hatched. In Spirostreptus the propulsive legs 
at any one moment are many; seventeen are followed by seven in the recovery 
phase, and the legs of each pair are in the same phase. In Polydesmus, four propulsive 
legs are followed by four in the recovery phase, and legs of a pair are again in the same 
phase. In Oryptops the propulsive legs are few, and, at the moment figured, two 
propulsive legs on the right are followed by five legs in the recovery forward stroke, 
and the paired legs are in opposite phase. The phase relationships of the paired. 
legs in Spirostreptus and in OCryptops are those which are best suited to the gaits. 
In Cryptops the long distance between successive propulsive legs:on one side (see 
right side of diagram) is indirectly supported midway by propulsive legs on the 
opposite side. If the paired legs were in the same phase there would be no support 
for these segments and the body would sag on to the substratum, a condition which, 
in actual fact, stops further specialization of this gait and limits both the distance 
between the propulsive legs and any further shortening of the relative duration of 
the backstroke. If the paired legs were not in opposite phase the propulsive legs 
would have to be closer together, and this could only be done by the employment 
of a slower gait, in which the phase difference between successive legs was smaller 
and the relative duration of the backstroke was increased (see Part 3, text-fig. 3). 
Paired legs are moved in opposite phase, one leg being 0-5 of a pace in advance of 
its fellow in all Arthropoda with many legs, when the backstroke is markedly shorter 
than the forward stroke, namely in all Chilopoda, Pauropoda, Arachnida in fast gaits 
Peripatus ‘top gear’ and most, but not all, ‘Hexapoda’. : 

In Spirostreptus (fig. 5) with its many propulsive legs situated in groups, which are 
level on the two sides, an even thrust of the body against the ground, with no 
tendency towards lateral undulations is obtained with legs of a pair moving in similar 
phase (undulations of the body are disadvantageous, see p. 113). A less even thrust 
would result from the use of paired legs in opposite phase. Paired legs are moved 
in the same phase in all Arthropoda with many legs when the backstroke can be 
markedly longer than the forward stroke, namely in Julus and Glomeris-like Diplo- 
poda, in Symphyla and in Peripatus using the ‘ bottom gear ’ gait. 

In ‘middle gear’ gaits where the propulsive and recovering legs are in approxi- 
mately equal numbers at one moment, because the forward and backward strokes 
are of equal duration, there is no clear advantage in either of the above types of 
phase relationship between the paired legs. Peripatus in ‘middle gear’ moves the 
paired legs in variable phase relationship (see Part 1). In other Arthropoda the 
relationship is usually fixed for each species, thus in Polydesmus (text-fig. 5) the 
paired legs move in the same phase, as they do in the Crustacean Palinurus, while 
other Macrura such as H omarus show the paired legs in approximately opposite phase, 
The changeable phase relationship between the paired legs in Peripatus must be 
associated with its ability to employ both ‘ top’ and ‘ bottom gear ’ gaits, for which 
the requirements in this respect are opposite. In the Arthropoda vera the restricted 


range of gaits has, in most cases, resulted also in a fixing of th i i 
between the paired legs for each species. : pipeeseresy tt 
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When the propulsive legs are few in number, as in ‘hexapods’, Arachnida and 
Malacostraca, two other factors are also concerned in the determination of the 
phase relationships between the paired legs. (1) The minimum number of supporting 
legs at any one moment and their disposition, and (2) the time intervals between the 
footfalls. Where three pairs of locomotory legs are present, as in the first instars 
of Diplopoda and Pauropoda, some ticks, some mites, and most pterygote insects, 
Collembola, Diplura and Thysanura, the paired legs are, with few exceptions, moved 
in opposite phase. The gaits of these animals are predominantly of the ‘ bottom 
gear’ type with a backstroke of longer duration than the forward stroke. When 
the paired legs move in opposite phase, 3, 4 or 5 legs will be propulsive at different 
moments in the same gait, and the propulsive legs will be distributed as evenly as 
is possible. When the paired legs move in the same phase, either two or four legs 
will be propulsive at different moments, but never three, and they will be less evenly 
distributed, two leg-bearing segments being momentarily unsupported. The first 
instar of the diplopod Polydesmus with three pairs of legs is probably typical of the 
Diplopoda, and initially walks with the paired legs in opposite phase, unlike the 
adult and all later instars in which the paired legs are moved in the same phase. 
However, when the first instar is several days old it can step for a few paces with 
the paired legs in the same phase. The use of the paired legs in alternate phase 
in all these different hexapodous animals must mean that the advantages mentioned 
above are of significance to the animals. It is not, however, an obligatory method 
of stepping, since Petrobius*, for example, runs with legs of a pair in phase. 

In Arthropoda possessing four or fewer pairs of limbs the legs of each pair may 
not be exactly in either the same or in opposite phase. In some arachnid gaits, for 
example, one leg of a pair is about 0-25 of a phase in advance of its fellow, and there 
are other examples. This enables successive footfalls to be made at equal intervals 
of time, and if the phase difference between successive legs is combined with an 
appropriate relative duration of the backstroke, a constant number of propulsive 
legs at all moments in the gait will result. The most specialized and fastest of the 
Chilopoda have achieved, as mentioned above, a mechanically perfect gait in which 
footfalls occur at even time intervals and a constant number of legs is propulsive 
at all moments. When the legs are reduced in number, such an even gait can only 
be obtained with a relatively long backstroke, and this means that the speeds may 
be slow. Thus, when such animals run faster, they abandon the even gait with its 
phase difference between paired legs of 0-25 and increase it to approaching 0-5. 

Thus the possession of paired legs moving either in or out of phase cannot be 
regarded as either a primitive or a specialized feature, as has sometimes been supposed. 
Some animals show both conditions (Peripatus and the first instar of the Diplopoda), 
others show intermediate conditions (some Arachnida, Crustacea and Insecta), and 
in all animals so far examined, the relationship present is associated with the type 
of gait employed and sometimes also with the number of legs present. 


THE PHASE DIFFERENCE BETWEEN SUCCESSIVE Leas, THE LENGTH OF THE LEGS 
AND THE INCIDENCE oF CRosstInc OvER, AND TyPEs oF CLAWS. 


The manner in which the phase difference between successive legs is adjusted. to 
the relative duration of the backstroke will be shown in the detailed consideration 
of the groups. The range of such adjustments varies considerably. The phase 
difference between successive legs in the scolopendromorph Chilopoda is 0-66-0-87, 
in the insects 0-2-0-5, in the anamorphic Chilopoda 0-16—0-135 and in many Diplopoda 
it does not change. The type of phase difference betweon successive legs bears a 
close relationship to the length and to the number of the locomotory legs. 

The walking movements of all Arthropoda show either a complete absence, or a 
minimum, of crossing over of successive legs, and many adjustments of both gait 
and structure clearly contribute to this end. If the legs are short, as in Peripatus, 


* Better known as Machilis. 
g* 


112 S. M. MANTON : THE EVOLUTION OF 


their fields of movement cannot seriously overlap, although they may just touch 
(text-fig. 2 and see p. 106). The legs are a little longer in the Pauropoda where there 
may or may not be a slight overlap of the fields (see Part 3). When the legs are 
much longer, an overlap of their fields of movement cannot be prevented, except 
by a reduction in the number of legs. If the phase difference between successive 
legs is very small and the legs are fairly long and many, crossing of the legs may 
be almost or quite absent, as in some juliform Diplopoda, but if the legs are as long 
as they are in Spirostreptus (relative to the segment length) slight crossing takes 
place. Such a small phase difference is not practicable for many faster gaits, and. 
crossing of the legs cannot be avoided. No cases have been found showing conspicuous 
crossing of the legs in the propulsive phase, while there are numerous examples of 
the recovering legs crossing over one another in Diplopoda, Chilopoda and Crustacea. 

When the phase difference between successive legs is small, the successive propul- 
sive legs in each group will diverge from one another (see Part 1, text-fig. 6), and 
if the phase difference is large, the successive propulsive legs will converge (see text- 
fig. 5 and Part 3, text-fig. 1a). Thus, if it is advantageous to utilize a phase difference 
>0-5, the legs can never get very long or crossing will occur (Scolopendromorpha). 
Longer legs can only be used with a phase difference <0-5 (Lithobiomorpha and 
Scutigeromorpha) and then crossing will occur in the recovery phase. The larger 
the phase difference the greater will be the spread of the supporting points on the 
ground. The reduction in the number of legs to three or four pairs circumvents 
the difficulties inherent in the use of many legs of considerable length, because the 
fields of movement of the few legs can be spread both forwards and. backwards so 
that they do not overlap (see text-figs. 2 and 3). Tf few long legs support a longer 
body, greatest stability will result if the successive legs in the propulsive phase 
diverge considerably, that is at a phase difference of a little less than 0-5, as in the 
Arachnida and. Insecta. 

As a leg becomes longer so the lever action exerted by its tip when in contact 
with the ground will increase. The legs of most Diplopoda, Pauropoda, Symphyla, 
Geophilomorpha and Scolopendromorpha end in one sharp terminal claw, which 
prevents the leg from slipping (see text-fig. 1). The longer legs of the Lithobiomorpha 
may have one or two terminal claws, and those of the Arachnida and Insecta 
frequently have two. In the long legged diplopod Pandirodesmus several locomotory 
spines occur on, the last segment of the leg, and a comparable condition is seen in 
Scutigera, which has abundant gripping setae on a multi-articulate terminal section of 
the leg which is used in a plantigrade manner, as opposed to the rest of the Myriapoda 
which are digitigrade. 

Few land arthropods possess legs all of the same length. In the Onychophora 
the anterior and posterior legs are slightly shorter than those in the middle region 
and there is little differentiation of length in the Pauropoda, Collembola, Geophilo- 
morpha, Diplopoda and Symphyla, although the posterior legs are often a little longer 
and the anterior legs a little shorter, than the rest. In some spiders the posterior 
walking legs may be shorter than the anterior ones, and this usually is related to 
some particular habit. In the Scolopendromorpha and the anamorphic Chilopoda 
many Arachnida and Insecta the posterior legs are markedly longer than the anterior 
ones (see text-figs. 2 and 3). Since all legs must execute similar strides the angle 
of swing of the anterior legs may exceed those of the posterior legs, as in Peripatus 
and. a limit is therefore set to the degree of differentiation of leg lengths. In all 
Chilopoda, as in Peripatus, stepping by the anterior legs may be omitted during 
slow walking. The posterior legs moving slowly can easily carry the extra load and 
there is no need for the short anterior legs to carry out their wide angles of swin 
when the head end of the body is being alternately cast to either side in ool 
movements (see Parts 1, 3, etc.). Sometimes, as in the scorpion, the anterior pair 
of legs may not carry out the full step, being raised from the ground sooner and 
not being fully stretched forward compared with the movements in faster locomotion 
Differences in length of successive legs must be small if the legs are numerous, as 
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in the Geophilomorpha, but when the number of legs is reduced the difference in 
length between two successive legs may be greater and then it becomes a functional 
advantage. In the Scolopendropmorpha this difference enables leg ‘n+l’ to be 
placed on the ground just outside leg ‘n’ and sometimes a trifle in front of leg *n’ 
without causing mechanical interference (see Part 3, text-figs. la and 5), and in 
Lithobius and Scutigera leg ‘n-+-1’ is put down far in front and just outside the footprint 
of leg ‘n’ (see Part 3, text-figs. 1b and 2), extensive crossing over of the legs in the 
recovery phase being facilitated by their differential length. In the Arachnida and 
Insecta the legs overlap a little or not at all (see text-fig. 3) because the differential 
length of the legs enables their fields of movement to be fanned-out, the posterior 
legs swinging well behind their points of origin. 


UNDULATIONS OF THE Bopy AND MoRPHOLOGICAL FEATURES WHICH 
MINIMIZE THEM. 


Reference has already been made to the greater efficiency of the Onychophoran 
locomotory mechanism over that of the annelid Nereis in that lateral undulations 
of the body do not occur, and no energy is wasted in side to side movements about 
the direction of motion. This evolutionary advance persists in the Arthropoda vera, 
but as speeds increase, undulations of the body tend to reappear, but for different 
reasons. These undulations are again wasteful of energy, the body being moved 
about considerably in the transverse plane, see the successive positions of the base _ 
of a leg, marked by dots, on the diagram of the scolopendromorph Cormocephalus 
moving in ‘ top-gear ’ in text-fig. 2. Structural features which partially or completely 
prevent undulations are found in many groups (see below). Features which minimize 
the manifestation of body undulations must have been of great functional significance 
in the evolution of body forms and locomotory mechanisms in the arthropodan 
groups. These animals do not progress by powerful lateral undulations of the body, 
as suggested by Lankester (1904) in the absence of photographic evidence. 


Lateral undulations. 


Lateral undulations of the body may occur in animals moving their paired legs 
in opposite phase. A tendency to undulate must exist whenever the successive 
propulsive legs are far apart, since they alternate in position on the two sides of the 
body (see Cryptops, text-fig. 5). The unilateral thrust exerted by the limbs is 
countered by the intersegmental body musculature, and the longer the legs the 
greater must be the tendency to undulate. Any morphological features which 
reduce the ease of intersegmental flexing in the horizontal plane will be advantageous, 
and many such exist. 

The tendency to undulate is completely countered by the musculature in short. 
legged forms such as the geophilomorph Chilopoda, and in longer legged animals. 
walking slowly such as the anamorphic Chilopoda. When the legs are long and the 
successive groups of legs in the propulsive phase are far apart, as in Lithobius, 
Scutigera and the Scolopendromorpha progressing by fast gaits, lateral undulations 
may appear. 

The morphological features which minimize or prevent the manifestation of 
undulations are various. The wide thoracic segments of the isopod Ligia and its 
‘middle gear’ gait entirely prevent, undulations even at great speeds, and the 
wide, short segments of the diplopod Polyxenus (which moves with its legs in opposite 
phase like a chilopod) have the same effect. It is suggested in Part 3 that in the 
Chilopoda the progressive development of tergites of unequal sizes, and a staggering 
of the dorsal and ventral joints between the sclerites in the several groups, which 
is associated with an increasing length of the leg, provides an anti-undulatory 
mechanism. This trend culminates in Scutigera possessing the longest legs and only 
eight tergites over fifteen segments. 

When the walking legs are fewer, as in the Malacostraca, Arachnida and Insecta, 
the legs are usually relatively longer than they are in most Myriapoda, and a greater 
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tendency towards undulations might be expected. This tendency is, however, 
countered very effectively. The few legs are always situated close together on 
consecutive segments, never in widely dispersed positions, and the leg-bearing seg- 
ments are usually fused together as a thorax or prosoma, so that undulatory move- 
ments of these segments are impossible. No animal has been evolved with three 
or four pairs of legs situated in anterior, middle and posterior positions, since any 
advantage so gained in separating the fields of movement of successive legs would be 
outweighed by the difficulty of eliminating undulations of the body. 


Dorso-ventral undulations. 


Dorso-ventral undulations make their appearance in animals moving their paired 
legs in the same phase, if the body musculature does not counter the thrusts exerted 
by successive groups of propulsive legs along the body. Surface running by some 
Diplopoda is accompanied by such undulations. The movement of paired legs in 
phase with each other is associated with the employment of slow powerful * bottom 
gear’ gaits and short segments. The fusion together of most of these segments 
in pairs to form diplo-segments in the Diplopoda must provide an impediment to 
dorso-ventral undulations, and may have been evolved in association with the 
adoption of this type of gait. 


THE EvoLution or Bopy ForM AND GAIT IN THE MAIN GROUPS OF THE ARTHROPODA. 
Reference will now be made to certain conclusions concerning the evolution of 
gaits and body form in the main groups of Arthropoda which are based on evidence 
‘provided by the analysis of the gaits which will be presented in subsequent Parts. 
Each group of the Arthropoda vera employs a restricted type of locomotory mechanism 
(see above) with which certain structural features have been evolved. The three 
main gaits shown by the Onychophora are further specialized, one providing power 
and two giving alternative methods of achieving speed. A perfected mechanism 
has arisen independently several times from many legged ancestors which combines 
speed with mechanical evenness. Detailed comparison of the gaits of the Onycho- 
phora and of other arthropodan groups supports the view that both the soft skinned 
condition of the body and legs and the locomotory mechanism of the Onychophora 
are primitive, and have not been acquired secondarily from jointed animals (see 
Part 3, p. 160). 

The characteristic features of the Diplopoda :—the length, and point of origin 
of the movable part of the legs ; a stance preserving a ventral air space supplying 
the spiracles ; the usual occurrence of short segments most of which are united to 
form diplo-segments ; and the frequent large number of body segments; are associated 
with the employment of a * bottom gear ’ type of gait with a relatively long backstroke. 
Such a gait could have been evolved by further specialization of a type of gait employed 
by a soft bodied ancestor resembling the ‘ bottom gear ’ gait seen in Peripatus today. 
The employment of such a gait provides power from the many legs which push and 
pull simultaneously, but not speed. A tendency to adopt such a gait may have been 
correlated with the habit of pushing a passage under obstacles. Active burrowing 
into the soil probably cannot take place except by body movements such as found in 
earthworms and the Geophilomorpha (see Part 3). The bodies of the juliform 
Diplopoda are well armoured and provide a rigid base for the operation of the legs, 
but they lack the mobility necessary for deep burrowing, which is seen in earth- 
worms and geophilomorph Chilopoda (see Part 3). A reduction in active burrowing 
and a more habitual use of the faster diplopod gaits is associated in the Polydesmoidea 
etc. with a smaller number of segments and with their elongation. The Symphyla 
show a basic similarity to the Diplopoda in some respects and have achieved speed. 
by a greatly decreased pace duration but with little body specialization. 

The characteristic features of the Chilopoda :—the length and point of origin of 
the legs ; a stance preserving a lateral air space supplying the spiracles ; the segments 
usually showing a greater length, and a smaller number than in the Diplopoda ; 
are associated with the employment of a faster gait with a relatively short backstroke, 
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The occurrence of tergites of unequal sizes occurs in all groups achieving the faster 
speeds and facilitates the execution of their gaits, culminating in the reduced number 
of tergites in the Scutigeromorpha. The two main groups of Chilopoda, the Epi- 
morpha and Anamorpha, must have evolved independently, since their gaits and 
associated morphology are mutually exclusive. Both have developed speed rather 
than power, and are probably descended from ancestors whose habit was to run 
round obstacles rather than to force a way under them. 

The Geophilomorpha and Scolopendromorpha have elaborated the ‘ middle gear ’ 
type of gait seen in Peripatus and have adopted the advantageous method of stepping 
described on p. 102. The Scolopendromorpha appear to have reached the limit of 
practicable specialization of this type of locomotory mechanism and its associated 
morphology. The Lithobiomorpha and Scutigeromorpha have elaborated the 
“top gear ’ type of gait such as seen in Peripatus, and this has yielded greater speeds 
than have those of the Scolopendromorpha and an amazing perfection in both loco- 
motory mechanism and in morphology. Gaits are employed giving footfalls at 
even time-intervals, constant loads are maintained on all the legs, and a reduction 
in the number of walking legs to fourteen pairs is regarded as a necessary 
accompaniment to the perfection of the gaits; the 20-22 leg bearing segments of 
the Scolopondromorpha also represents a number well suited to the gaits employed. 
‘The Geophilomorpha, on the other hand, have elaborated an earthworm-like method 
of burrowing, dependent upon powerful alterations in body shape which can widen 
a crevice ; their appendicular locomotion is also modified for crawling in soil or in 
cracks. The structural features associated with these capabilities concern the 
movable parts of each segment and a tendency to decrease the length of the segments 
and to increase their number. 

The adult Pauropoda bear a basic similarity to the Scolopendromorpha in loco- 
motory mechanism and in the development of tergites of unequal sizes in association 
with similar needs (see Part 3). There is further much in common between the 
gaits of these groups and those of the diplopod Polyxenus, the gait of the latter 
differing from those of all other adult Diplopoda. These resemblances may be not 
without phylogenetic significance in suggesting a distant affinity between the 
Pauropoda, Diplopoda and Chilopoda, a conclusion in keeping with other evidence. 
Tiegs (1947) has shown that the Pauropoda today represent a lower grade of 
arthropodan organization (the Dignatha) than is seen in the Symphyla, Chilopoda 
and Insects (the Trignatha). 

The first instars of the Pauropoda and Diplopoda and the several instars of 
many pterygote insects show considerable resemblances in gait, although the adults 
of these three groups employ widely different gaits. The gaits of the adult Polyxenus 
and of the first instar of other Diplopoda are suggestive of the manner of evolution 
of the more specialized diplopod gaits and associated morphology, which differ so 
profoundly from those of the more specialized Chilopoda. The resemblances 
between insects and the six-legged first instars of other groups are partly due to the 
limited possibilities in the use of only three pairs of legs, and to the absence of 
morphological specializations in these early stages, which are associated with the 
execution of the more specialized gaits of the adults. There are, however, several 
other methods of using three pairs of legs as shown by Lepisma, Petrobius and. 
Campodea (see subsequent Parts) so that the resemblances noted above are not 
obligatory. } ; 

It is probable that a common origin for the diplopod and chilopod gaits can be 
envisaged at a stage not much less distant than that of a soft bodied arthropod. 
The predominant habits of the several evolving lines of Arthropoda must have 
determined the choice of gait employed and perfected by each line, and this in turn 
must have been the agency operating with the environment in the selection of 
morphological changes which have evolved along with the perfection of the gaits. 

The several Myriapodan groups achieve great efficiency in speed and in burrowing 


and in power, but with an increase in the length of the leg, a very regular execution 
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of a gait becomes obligatory if mechanical interference of one leg by another is to be 
avoided. It has been noted (p. 99 and see text-fig. 3) that if the legs are long a 
reduction in their number to 7, 4 or 3 pairs is advantageous in that their fields of 
movement become almost or quite separate ; moreover the few legs must be situated 
on consecutive segments if undulations of the body are to be avoided (see p. 114). 
Since the mouth and feeding limbs are anterior in position a reduced number of legs 
will give a more direct support for the head during feeding, etc., if they are situated 
anteriorly. Thus the general form of the body in the walking Malacostraca, the 
Arachnida and the Insecta, in which the walking limbs are situated on a thorax or 
prosoma, showing limited or no mobility between the segments, circumvents the 
locomotory difficulties experienced by the Myriapoda. Since the evolution of the 
Crustacea, Arachnida and Insecta is usually considered to have been independent, 
they have clearly solved the same general problems encountered by an elongation 
of their legs in the same general manner ; and it has long been appreciated that the 
hinder part of the body, once emancipated from the function of locomotion, suffers 
progressive reduction in the more specialized members of every group. 

Myriapoda as unlike as the Diplopoda and Chilopoda are found in the same 
general habitats, although examples of adaptation by certain species to their micro- 
environments can be found here, as in other groups. A direct adaptation towards 
the environment by the various groups of centipedes and millipedes, however it may 
have been brought about, appears to represent an inadequate mechanism to account 
for their evolution. Watson (1949) in discussing the mechanism of evolution, has 
pointed out the importance of persistence of habit over long periods of time as a 
factor associated with the evolution of features which fit an animal to live successfully 
in the same or in a variety of habitats. It has been shown above (see also subsequent: 
Parts) how persistent habits have been of importance in the evolution of the 
Myriapoda. The habit of running either round or over heavy obstacles and of 
slipping under light ones by the Chilopoda, and of pushing under or through obstacles 
by the Diplopoda, is associated with the evolution both of their characteristic mor- 
phology and of their locomotory mechanisms. The habit of burrowing by becoming 
‘fat * (Chapman, 1950) has led to the evolution of most of the trunk features of the 
Geophilomorpha which differ from those of other Chilopoda (see Part 3). Similarly, 
the differentiation of other great groups of the Arthropoda may have been associated 
more with a differentiation and a persistence of habits than with adaptation to any 
particular set of environmental conditions. Adaptive radiation within a single 
arthropodan group presumably is a later type of evolutionary advance. 


SUMMARY. 


The methods employed for the work recorded in subsequent Parts are described. 

The gaits of the Arthropoda vera appear to have been evolved from those of soft 
bodied ancestors using a locomotory mechanism such as is seen in Peripatus. Each 
group has restricted the versatility of its gaits and perfected the type adopted. It is 
suggested that habits determined the general nature of the gaits employed, and 
that perfection of the gaits occurred along with the evolution of associated morpho- 
logical features. Many of the latter are diagnostic features of the larger groups. 

It is suggested that the evolution of many of the larger groups of the Arthropoda 
has been determined by differentiation and persistence of habits, and that adaptations 
to particular environments have been of lesser importance. 

The arthropodan type of integument and muscle has led to an improvement in 
leg structure. The majority of terrestrial Arthropoda do not ‘stand up’ on their 
legs, as do the vertebrates, but ‘hand down’ from them, and most groups have 
adopted an advantageous method of stepping which is impossible to the Onychophora. 


The effects of leg length and leg number on the fields of 1 
considered in relation to the evolution of body form. ; | 3 oe eae ah cee 
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The mechanism for changing speed in the Arthropoda differs from that of the 
Onychophora. Change in pace duration has become a major factor additional to 
the effects of changes in the gait and in the angle of swing of the leg. 

A relationship is shown between the shape and number of the trunk segments 
and the type of gait employed; ‘bottom gear’ gaits requiring short, and often 
numerous segments, and ‘ top gear’ gaits requiring longer and fewer segments. 

The phase difference between the paired legs, which may be used in the same 
or in opposite phase, or in some other phase relationship, is shown to be dependent 
upon the nature of the gait in animals with many legs. The conditions in animals 
with few legs is considered. 

Undulations of the body, either lateral or dorso-ventral, tend to occur at fast 
speeds and are disadavantageous. Morphological features which minimize or prevent 
these undulations are :—wide, short segments, alternate sized tergites, diplo-segments, 
-a small number of long legs borne on consecutive fused segments (thorax or prosoma) 
etc. 
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THE EVOLUTION OF ARTHROPODAN LOCOMOTORY MECHANISMS.— 
PART 3: THE LOCOMOTION OF THE CHILOPODA AND PAUROPODA. 
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INTRODUCTION. 


A general introduction to the Chilopoda and Pauropoda is provided by Part 2 
(1952), in which details are given of the methods employed. Lankester’s (1904) 
well-known drawings showing a single gait of Scolopendra, made without the assistance 
of photography, are quite accurate. Holst (1934 a and 6) gives a short outline of a 
typical gait of LIithobius, Cryptops and Geophilus, but since the main interest of his 
work is centred in the mechanism of co-ordination, little consideration has been 
given to changes in the gait and none to the correlated morphology. Lissman 
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(1935) has studied the co-ordination of movement in Scutigera, but like Holst, the 
method of ‘limb amputation, was followed, and the normal gait was not analysed. 
Foxon (1936) makes some observations on the locomotion of Geophilus and Lithobius 
but those concerning Lithobius are inaccurate. The present study is one of 
functional morphology of unmutilated animals, in which a detailed examination 
of the gaits shows the methods whereby speed, nimbleness and efficiency in burrowing 
is obtained. ; and from this light is thrown on the phylogeny of the animals concerned. 
The animals which have been examined are Geophilus carpophagus (25-33 mm.), 
G. longicornis (16-35 mm.), a species of the Geophilinae with 53 pairs of legs (42 mm.) 
from Tunisia, Stigmatogaster subterranea (55-80 mm.), Geoperingueyia dentata (31 mm.) 
from Natal, Cryptops hortensis (15-20 mm.), C. anomalans (30-46 mm.), Cormo- 
cephalus pseudopunctatus (36-51 mm.) from Natal, Lithobius forficatus (7-28 mm.), 
L. variegatus (12-19 mm.), Scutigera coleoptrata (17-26 mm.) from Italy and Turkey, 
and Pauropus gracilis (0-2-0-5mm.). The lengths given are those of the walking 
animals which in many cases are longer than their stationary or dead dimensions. 


MOVEMENTS OF THE Hap. 


Cinematograph records show that in the Geophilomorpha, Scolopendromorpha 
and Lithobiomorpha, movements of the head end of the body closely resemble those 
of Peripatus (Part 1, p. 530 and upper diagrams of text-figs. 3-5), in being cast 
alternately to the left and right when the animal is running in a straight line. Such 
movements in the Scolopendromorpha are inconspicuous. The direction of the 
head changes every half second or less in Cryptops anomalans running at a moderate 
pace. The frequency of bending corresponds with the initiation of each metachronal 
wave of limb movements in the Geophilomorpha and Scolopendromorpha, the 
waves being transmitted backwards, and with the termination of each wave in the 
Lithobiomorpha, where the metachronal waves are transmitted forwards. The 


_ degree of bending varies, and may be most marked when body undulations accompany 


the faster gaits. In Lithobius 25 mm. travelling at 110 mm.p.sec. by a fast gait, 
and showing slight body undulations, the transverse range covered by the mid-line 
of the head may be as much as 5mm. This considerable lateral movement may be 
just detectable in the movements of the trunk relative to the ground, or the body 
may keep a straight course uninfluenced by the head movements. The failure of 
the first one or two pairs of legs to step on the ground in the slower gaits (p. 152) 
is associated with these head movements. The primary function of this casting 
aside appears to be exploratory, forming the basis of klinotaxes. The antennae, as in 
Peripatus, may touch the ground in the slower gaits (see the tracks of Lithobius in 
text-fig, 1la and fig. 38, Pl. 35. The lengths of the antennae in the Geophilomorpha, 
Scolopendromorpha and Scutigeromorpha, progressively increase, as do the lengths 
of the legs and the speeds of running. 


CHANGES IN THE SHAPE OF THE Bopy. 


It has been shown in Part 1 that the body of a stationary Peripatus is short 
and that it becomes thinner when the faster gaits are employed. Comparable 
changes are rare in the Arthropoda vera, but are found in the soft bodied diplopod 
Polyxenus lagurus (see Part 4) and in the epimorphic Chilopoda. In the anamorphic 
Chilopoda, Lithobius and Scutigera, the length of the body in resting and running 
animals does not differ materially. 

The changes in length which accompany changes in gait are greatest in Peripatus, 
where the body may be 28% longer in a fast gait than in a slow one, in Polyxenus 
the increase is 21%, in the Geophilomorpha it is only 3-6% and 5% or less in the 
Scolopendromorpha. In the Epimorpha, as in Peripatus, the correlation between 
length and gait is not exact on all experimental runs, but the general trend is clear, 
as in Part 1, table 2, p. 552. The probable reasons for these changes have been 
considered in Part 2, p. 106. A slight increase in the distance between successive 
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must be advantageous in the faster gaits, provided that the musculature can 
Sane the extra opie The stride length for each gait is determined by the 
segment length (see p. 126 and lower diagrams on text-fig. 3), and a slight increase 
in the latter will allow an increase in the angle of swing of the leg and an increase 
in the stride, which will result in an increase in the speed. In the Scolopendromorpha 
undulations of the body in the faster gaits result in a loss of speed by a reduction 
in the stride length (p. 130) but in some species such as Cryptops anomalans this loss 
is partly compensated for by an increase in the extension of the body (p. 134). 

The difference between the walking and resting lengths of Peripatus is much 
greater than the above, the maximal extension being 45% longer than a stationary 
animal. In the epimorphic Chilopoda the running length may be 27% greater than 
the resting length. For example, the length of the walking Cryptops anomalans 
in fig. 17, Pl. 32, is 22% greater than in the stationary view shown in fig. 14, Pl. 37, 
and Cormocephalus exhibits rather larger changes. In the Geophilomorpha the 
difference in extension of a resting and walking animal is even greater than in 
Peripatus, and increase of 66-68 % being shown both by the long bodied Stigmatogaster 
subterranea (figs. 15 and 16, Pl. ¢1) and by the shorter bodied forms such as Geophilus 
longicornis. The greater part of this change in body length is not associated with 
appendicular locomotion, but represents a specialization correlated with burrowing. 

The Geophilomorpha are frequently found under stones etc., but they tend to 
burrow into the soil more than, do other Chilopoda. The British Stigmatogaster 
subterranea with many segments (<83 pairs of legs) burrows more deeply than 
the shorter bodied forms, and may be found at a depth of a foot or more in fine 
compact soil, and a Tunisian Himantarium gabrielis with 151 pairs of legs collected 
by Dr. D. Barker was found deep in the soil. These animals all show a telescopic 
body, each segment possessing tergal and sternal sclerites and also intercalary tergal 
and sternal sclerites, separated by very flexible joints, the sclerites sliding over one 
another as the animal shortens. The legs arise from a flexible elastic pleural region 
provided with several isolated sclerites (fig. 41, Pl. 35), and this region bulges laterally 
as the animal shortens, the legs being carried outwards. The anaesthetized animal 
shown in fig. 41 is half expanded ; fully contracted segments are seen in fig. 15, Pl. 3/, 
where the intercalary tergal plates appear narrower than in the fully elongated. 
segments (fig. 16). 

Two methods of locomotion are employed : (1) walking by the legs (considered. 
later) and (2) elongations and contractions of the body, which give both forward. 
locomotion and a burrowing mechanism. The head end of a contracted animal. 
can be thrust forward more rapidly by an extension of the segments than by walking: 
forwards with the legs, and the tail end can be drawn forwards more rapidly by 
contraction of the musculature and a telescoping of the segments than by walking, 
the stationary segments in both cases holding on by their legs. This capacity is well 
suited to a burrowing animal with short legs. A combination of walking movements 
in some regions of the bedy with muscular contractions and expansions in others 
results in a thrust or a pull being exerted on parts of the body in which the legs are 
not used. This provides an efficient method of moving across gaps or places where 
footholds are discontinuous or shifting, and it must also be of major importance 
in widening crevices in the soil. Chapman (1950) has suggested that the contraction 
of the longitudinal musculature of the earthworm, which is ten times as strong as 
the circular musculature, is used to widen a crevice, and that the actual burrowing is 
done when the worm becomes ‘ fat’. The longitudinal musculature of the burrowing 
Stigmatogaster appears to be more powerful than that of the shorter bodied forms 
found under stones etc., since up to twenty consecutive segments can be rigidly 
held off the ground (seen readily when walking on smoked paper, which is disliked), 
and gaits with relatively shorter backstrokes can be employed (see table 2), which 
necessitates more segments, unsupported by legs, being held off the ground 
by the Jongitudinal musculature (p. 126). Since there is a highly differentiated 
mechanism operated by powerful muscles for becoming ‘fat’, and since the 
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Geophilomorpha appear to penetrate deeply into fine soil without the aid of pre- 
existing tunnels, it is probable that Stigmatogaster and others also carry out their 
burrowing largely by the body becoming ‘fat’, and not by the motive force of the 
limbs. It is noteworthy that millipedes, which may also be found in the soil, do 
not appear to be able to make their own burrows but enter natural holes and 
crevices. Alterations in body length in the Diplopoda are minimal or non-existent, 
and thus these animals lack the essential feature of a burrowing body shown by 
the earthworm and the Geophilomorpha. The Diplopoda employ bulldozer-like 
tactics utilizing the motive force of their legs, an entirely different method of over- 
coming obstacles, which has resulted in their particular type of morphology (see 
Parts 2 and 4). 

There must be an upper limit to the telescopic powers of a single joint. An 
increase in the number of body segments together with a decrease in their length 
must result in more joints being present per unit length, which may lead to an 
increased telescopic ability if the pleural regions expand correspondingly. The 
British St:gmatogaster with about 80 segments burrows more deeply in the soil, and 
has relatively shorter segments than several species of Geophilus found under stones 
with about 40-50 segments, and the Tunisian Himantariwm gabrielis, which was 
found by digging, possesses 151 leg-bearing segments which are relatively shorter 
than those of Stigmatogaster. The nature of the gait sets a limit to the practicable 
shortening of a segment (p. 135), but it is here suggested that a widening and shortening 
of the segments and the elongation of the body by additional segments, such as seen 
in Himantarium and. Stigmatogaster, is a specialization resulting in extensive powers of 
becoming ‘ fat ’, giving an efficient burrowing mechanism (see also p. 135). 


LOCOMOTION IN THE CHILOPODA. 


The gaits of the Chilopoda are of two mutually exclusive types, and each is 
‘associated with morphological features facilitating their execution. In both the 
duration of the backstroke either equals or is relatively shorter than the forward 
stroke, and the legs of a pair are moved in opposite phase (see text-figs. 1, 2, 3 and 6) 
and Part 2,p.110). The gaits giving the slower and medium speeds appear to be used 
predominantly under natural conditions. The fastest gaits with the shortest 
backstrokes are employed under strong or unusual stimulation, usually for escape, or 
for the capture of living prey. Their execution calls forth the greatest effort of which 
the animal is capable ; the fastest gaits are performed with reluctance, and captive 
animals readily become ‘tame’ and although healthy will not execute them. 
Nevertheless the ability to employ fast gaits in an emergency must be of vital impor- 
tance to the Scolpendromorpha, Lithobius, and Scutigera. Reference has been made 
to the general form of a chilopod body segment and its limbs, together with 
the pattern of the gait, in Part 2, text-fig. 5. The two types of chilopod gait 
will be separately described and their evolution considered. The Geophilomorpha 
and Scolopendromorpha have elaborated the ‘middle gear’ type of Onychophoran 
gait with a large phase difference between successive legs, and (as shown by 
Holst 1934a) all legs on the same side of the body utilize approximately the 
same footholds. The advantageous method of stepping described in Part 2, 
p- 102, has been adopted, so that leg ‘n+l’ is put down before leg ‘n’ is raised, and 
not after as occurs in the ‘middle gear’ of Peripatus. The Lithobiomorpha and 
‘Scutigeromorpha on the other hand have further advanced a gait of the type seen 
in Peripatus ‘ top gear’, the phase difference between successive legs is small, and 
the footprints of the legs on the same side of the body are not co-incident, but form 
very long forwardly directed ‘sets’ as in Peripatus (Part 1, text-fig. 2h). Hach set 
may be up to 13 times the length of the animal. Both these types of gait develop 
greater speeds than those of the Onychophora, but the gaits of the Geophilomorpha 
and Scolopendromorpha limit the legs to a moderate length, while those of the 
Lithobiomorpha and Scutigeromorpha have allowed the evolution of longer legs, 
-which have resulted in the fastest speeds to be found in the Myriapoda. ‘The gaits 
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of the Pauropoda basically resemble those of the epimorphic Chilopoda and are 
also readily derivabie from an Onychophoran-like condition. 


THE GAITS OF THE CHILOPODA EPIMORPHA (GEOPHILOMORPHA AND 
SCOLOPENDROMORPHA). 


General characters of the gaits. 


The general character of the gaits in these groups is illustrated in text-fig. la. 
The phase difference between successive legs is always >0-5, so that successive propul- 
sive legs always converge. The legs shown in black are executing the propulsive 
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Legend to Text-ries. 1 and 2 (continued). 
correspond with trunk segments 2 to 16 etc., the large 8th and 9th tergites being situated 
on leg bearing segments 7 and 8. In the lower diagram on text-fig. 2, the substratum for 
the right Jeg is drawn at a lower level than that of the left leg because the ventral surface 
of the body is curved so that leg 14 arises further from the ground than does leg 9. 
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backstroke, those which are hatched are being either put down or taken up from the 
ground, and those shown in outline are off the ground in the recovery forward swing. 
All legs on one side of the body successively occupy approximately the same footprints 
which lie within the stippled areas. Since the legs may be of progressively greater 
length along the body, each leg may be put down just outside the footprint of the 
leg in front. This is done just before the leg in front is raised, a method of stepping 
already considered in Part 2, p. 102. 

Conspicuous groups of two or three legs converge on to a common footprint. 
Thus, right leg 5 is being raised when leg 6 is halfway through the backstroke, and 
at the same time leg 7 is being put down ; right leg 6 will be raised next and leg 8 
will be put down, etc. A convergent group of three legs becomes transformed 
momentarily into one of two, and another group of three is then formed. These 
groups of legs converging on to a common footprint appear to travel along the body 
from head to tail, the metachronal wave remaining stationary relative to the ground. 
The upper diagram in text-fig. la shows the relative duration of the forward and 
backward strokes of three successive legs. The heavy lines indicate the propulsive 
backstroke and the thin lines the forward recovery stroke (as in other figures of this 
type, see Part 1, text-figs. 1 and 6). The dotted line ‘f’ shows the moment at which 
the three legs converge on to a common footprint as shown by right legs 5-7 and 
12-14 in the lower diagram. The common footprints may be numbered progressively 
as for Peripatus (Part 1, text-figs. 1 and 3-5, and fig. 17, Pl. 16) thus right leg 14 is 
completing pace 1 and starting pace 2, legs 7-13 are carrying out the propulsive and 
recovery strokes of pace 2, and legs 5 and 6 are starting pace 3. It will be noted 
that the very small relative duration of the backstroke results in a correspondingly 
small number of legs being in contact with the ground at one moment (see Part 1, 
p. 534 and Part 2, p. 110), long stretches of the body being indirectly supported. The 
undulations of the body shown in the diagram only appear during fast speeds (see 
p. 128). The points referred to above can be seen in the scolopendromorph shown in 
fig. 30, Pl. 33, running on smoked paper. The white spots mark the propulsive 
legs, and the track left by the animal, which is partly visible here, is shown in 
text-fig. 5c (the blacks and whites being reversed). 


Changes in the patterns of the gaits. 


Changes in the patterns of the gaits of these groups of Chilopoda are almost as 
great as in the Onychophora and greater than in most other groups of the Arthropoda 
vera (see Part 2, table 2). However, the contribution of this factor to the speed 
increases is usually smaller than in the Onychophora owing to extensive changes 
in the pace duration (see p. 134 and Part 2, table 1). 

The range of gaits shown by the Geophilomorpha and Scolopendromorpha is 
shown in text-fig. 3 (a gait slightly slower than that of text fig. 3a is also used). 
The conventions are those employed in Part 1, heavy lines denoting legs in the 
propulsive phase. A series of leg movements is shown representing the limbs of 
one side of the body, the number drawn being sufficient to give a repeat of the pattern 
and the disposition of the legs at the two moments of most unlike appearance are 
shown below for each gait. These theoretical diagrams can be compared with the 
photographs of the animals on the plates. The legs of a pair are usually in opposite 
phase in the Geophilomorpha (see p. 110) and always so in the Scolopendromorpha. 

In the series of gaits shown (text-fig. 3a—f) the relative duration of the backstroke 
decreases from 5-0 to 2-5, and since the angle of swing of the leg remains constant 
and the pace duration does not usually decrease (see p. 133), a progressive increase 
in speed results. The phase difference between successive legs increases from 0-66 
to 0-87. Since it is impracticable for the legs of arthropods to cross over appreciably 
during the propulsive phase, the maximum possible convergence in the Geophilomorpha 
and Scolopendromorpha must result in the tips occupying approximately the same 
footprints, and no extensive over-stepping by leg ‘n-+1’ of the footprints of leg ‘n’ 
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is possible, as occurs in the faster gaits of Peri i i i i 

patus, in the Lithobiomorpha and i 
eee mor iie (see text-figs. 1 and 2). The position of a ousnnt elstva 
are of the leg in front is determined by (d-s), where ‘d’ is the distance travelled 
in the time interval ‘t’ between the footfalls of one leg and the next behind it, and 
; ie is Mca toc of a segment (see Part 1, p. 537 and text-fig. 1). When (d-s) =0 
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elerence to Part 1, table 1, p. 541) shows that if the relative duration of the 
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The range of gaits shown by the epimorphic Chilopoda, the slower on the left and the faster on 
the right. The stepping movements of the series of legs are shown progressing from left 
to right, the number drawn being sufficient to show a little more than one metachronal wave. 
The heavy lines denote legs in the propulsive backstroke and the thin lines show legs in the 
recovery phase (as in Part 1, text-fig. 6). The lower diagrams show the positions of the legs 
at the two moments most unlike each other, each being indicated above by the vertical dotted 
lines. The black spots mark legs occupying the common footprints, and their separation 
represents the length of a stride. 


backstroke decreases and the phase difference between successive legs remains the 
same, e.g. if gait A is transformed to gait D, or gait F to gait K, the value of ‘ d’ will 
increase, and (d-s) will become a positive quantity. For (d-s) to remain 0 when the 
relative duration of the backstroke decreases, ‘t’ must decrease and this can be 
effected by an increase in the phase difference between successive legs (see Part 1, 
text-fig. 1). Further, if the phase difference of the slower gait (text-fig. 3a) was not 
increased as in text-figs. 3b-f, leg ‘n-+-1’ might be put on the ground after leg ‘n’ 
wag raised, which would momentarily remove all support on one side from up to 
sixteen segments, an impracticability for the animal. 
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It will be seen that the groups of convergent legs, shown by the line ‘f’ in the 
upper diagram of text-fig. la, which form the points of support of the body, become 
farther apart in the faster gaits in text-fig 3. Thus, if the right hand lower diagram 
in each column be compared, each leg halfway through the propulsive stroke (marked. 
by a dot) is separated from the next by two legs in text-fig. 3a, by three legs in fig. 3b, 
by four legs in fig. 3c, by five legs in fig. 3d, by six legs in fig. 3e, and by seven legs 
in fig. 3f. In an animal with twenty pairs of walking legs, the weight may be 
momentarily borne by as few as three legs on one side of the body, although at 
other moments six legs may be so employed. 

Text-figs. 3c-f show the simultaneous picking up and putting down of legs ‘n’ 
and ‘n-+2’ already described above. In fig. 3a leg ‘n’ is raised from the ground 
before leg ‘n+2’ is put down. A phase difference greater than 0-66 would be 
incompatible with a backstroke of the relative duration shown in fig. 3a, since the 
length of both segment and leg will not allow two successive legs to occupy the 
same footprint for more than a limited period. In the slow gait (text-fig. 3a) the 
tips of the legs in the convergent groups can never meet, while they do so in the 
faster gaits (text-fig. 3c-f). The character of the gaits necessitates a constant angle 
of swing of the leg, with the exception of very slow speeds when the angle is reduced 
(see tracks of Stigmatogaster, text-fig. 4d and p. 128), and of fast speeds which are 
accompanied by a slight increase in segment length (see p. 119) which will allow 
a corresponding slight increase in the angle of swing of the leg. This contrasts with 
other arthropodan groups where the angle of swing of the leg markedly increases 
in the faster gaits and contributes greatly to the acceleration (see Part 2, table 1). 

The gaits shown in text-fig. 3 form a series presenting even practicability, and 
all intermediates exist between those figured. Photographs of the Scolopendromorpha 
Crytops anomalans and Cormocephalus pseudopunctatus performing a series of gaits are 
shown in Pls. 31-33 and 35) together with some Geophilomorpha. The propulsive legs 
are marked by dots. The slow (5-0 : 5-0) gait (text-fig. 3a) is shown with considerable 
regularity by Stigmatogaster in fig. 16, Pl. 37, the anterior 46 of the 78 locomotory 
legs being visible, and with less regularity by Cormocephalus in fig. 27, Pl. 33. A 
faster gait (5-5: 4-5) (text-fig. 3b), is shown by Geophilus carpophagus in fig. 40, 
Pl. 35 (with considerable irregularities which are considered below, p. 130), by Cryptops 
anomalans in fig. 17, Pl. 32, and by Cormocephalus in fig. 28, Pl. 33, both with irregu- 
larities. The (6-0 : 4-0) gait (text-fig. 3c) is the one most readily displayed by the 
Scolopendromorpha ; it is shown by Cryptops hortensis in fig. 31, Pl. 33, by C. anomalans 
in fig. 18, Pl. 32, and by Cormocephalus in fig. 29, Pl. 33. The faster (6-68 : 3-32) gait 
(text-fig. 3d) is shown by C. anomalans in fig. 19, Pl. 82 and by Cormocephalus in 
fig. 30, Pl. 33, and in both animals body undulations now make their appearance. 
The very fast (7-25 : 2-75) gait (text-fig. 3e) is shown by C. anomalans in fig. 20 
Pl. 32 and byCormocephalus in fig. 13, Pl. 37. Figs. 13 and 30 show Cormocephalus 
running on smoked paper and the white footprints are also visible. 

In the faster gaits of the Scolopendromorpha the duration of the backstroke 
may be reduced to 0-009 sec. or less, a quicker stroke than has so far been found 
in any other arthropodan group. (The backstrokes in a fast gait of an ant and of 
Jngia running in air are approximately 0-04 and 0-03 sec. respectively). The rapidity 
of the swing is such that as the leg leaves the ground it continues its swing backwards 
and inwards before beginning the forward stroke. This movement is shown 
diagrammatically in Part 2, text-fig. 2 for Cormocephalus ‘top gear’, and by right 

: . 5 : ' , & 
leg 7 in fig. 29, Pl. 63, and by right leg 13 in fig. 13, Pl. 37, and results in each foot- 
mark describing an inward and a forward curl (text-figs. 4c and 5c and d) 


‘ 


Changes in the tracks, and method of starting wp. 


A corresponding but slightly wider range of gaits is shown by the tracks reproduced 
in text-figs. 4 and 5 on the same scale as the animals shown on the plates. The 
tracks of Cormocephalus are the most diagrammatic and regular. The footprints 
in text-fig. 5b, c and d are at even intervals and do not show the irregular stride 
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Footprints of animals performing different gaits, the speed increasing from left to right. Figs. 
ato care of Cryptops anomalans, 38 mm. X 2-7, and figs. d to f are of Stigmatogaster subterranea, 
70mm. x 4-7, the magnifications used on Pls. JJ and 32. Fig. a, gait (6-0: 4-0) approx., see 
text-fig. 3c and fig. 18, Pl. 32, stride length 9-3mm. Fig. b, galt (6-68 : 3-32), see text-fig. 3d, 
and fig. 19, Pl. 32, stride length 11°2 mm. Fig. c, gait (7:25: 2°75), see Le fig. 3e, and 
fig. 20, Pl. 32, stride length 13 mm. Fig. d, a very slow gait, probably (4-5: 5-5), p.d. 0°55 
to 0°6, and an angle of swing about 20% less than in the faster gaits. ene change of 
direction has laterally transposed some of the footprints. Stride most frequently exhibited 
isl‘7mm. Fig. e, gait (5-0: 5-0),, see text-fig. 3a, stride most frequently exhibived is 
3mm. Fig. f, (5-5: 4-5), see text-fig. 4b, stride most frequently exhibited is 3-5 mm. For 


further description see text. 
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lengths which are indicated by irregular distances between the propulsive legs marked 
by dots on Pl. 33. Therefore the animal was performing its gaits more regularly 
than it did under the conditions needed for photography, a condition also found 
in Peripatus (Part 1, p. 542). Text-fig. 5b shows the (5:5: 4-5) gait (see fig. 28, 
Pl. 33), text-fig. 5c the (6-68 : 3-32) gait (see fig. 30, Pl. 33) and text-fig. 5d shows the 
(7:5 : 2-5) gait (see text-fig. 3f), the fastest scolopendromorph gait which has been 
recorded. The footprints of the shorter anterior legs lie nearer to the middle line 
than do those of the longer posterior legs, and the slight overstepping of the limb 
tips, seen clearly in fig. 29, Pl. 33, results in each set of footprints forming a slightly 
forwardly directed series in text-figs. 5b and c and less markedly so in fig. 5d. In 
text-fig. 5a the animal started walking from a stationary position, and the increasing 
stride lengths show that it first employed the (5:0 : 5-0) gait and by the fifth pace 
had accelerated to the (6:0: 4-0) gait. Another start is shown in fig. 13, Pl. 37, but 
under bright illumination, and here the animal started in the (5-5: 4-5) gait and 
in four paces accelerated to the (7:25: 2-75) gait. These chilopods can thus not 
only accelerate from a stationary position much more rapidly than can Peripatus 
(see Part 1, text-fig. 3), but the associated changes in the gait may be much smaller, 
as the animals do not need to start up in their ‘ lowest gears ’. 

The tracks of Cryptops anomalans performing gaits (6-0: 4-0), (6-68 : 3-32) and 
(7-25 : 275) are shown, in text-fig. 4a, b and c, and correspond with figs. 18, 19 and 
90, Pl. 32. Here the animal crossed its limb tips slightly in the faster gait only, so 
giving slightly forwardly directed sets of footprints (text-fig. 4c) instead of compact 
groups (text-fig. 4a and 6). 

The three tracks of Stigmatogaster (text-fig. 4d, e and f) show a wider range of 
gaits than do the Geophilomorpha on the plates, and all are irregular. The lengths 
of the shorter strides in text-fig. 4e correspond with a (5-0: 5-0) gait as seen in 
fig. 16, Pl. 31. The track in text-fig. 4f represents a faster speed. The shorter strides 
correspond with a gait of (6-0: 4-0), see text-fig. 3c. The stride lengths shown in 
text-fig. 4d are shorter than would be given by the slowest possible gait (about 
4-5 : 5:5) if the angle of swing of the leg remained the same. Therefore this track 
must have been made by an animal progressing in a slow gait (4:5: 5-5-5-0: 5-0), 
but with a smaller angle of swing of the leg than is used in the faster gaits. The 
animal also was changing its direction slightly, so that the posterior part of the 
body became laterally transposed across the track of the anterior part in the manner 
already described for Peripatus (Part 1, p. 561). 


Sagging of the body in the faster garts. 

As the gait becomes faster (text-fig. 3a-f) the successive points of support of the 
body become farther apart, and an increasing strain must be imposed upon the 
body musculature in keeping the ventral surface from sagging on to the ground 
between the supporting limbs, there being little clearance below the ventral surface 
(see text-fig. la). An inability to prevent sagging of the body between the supporting 
limbs will limit the gaining of speed by a shortening of the relative duration of the 
backstroke (for other limiting factors see pp. 136 and 137). The tracks of St:gomato- 
gaster (text-fig. 4f) shows a median mark made by the body which is not held clear of 
the ground at a (6-0: 4:0) gait. The body sags on to the substratum in both Cryptops 
and Cormocephalus when the gait reaches (6-68 : 3-32) and over (see text-figs. 4b 
and c, and 5c and d). 


Lateral undulations of the body, in the faster gaits. 


Since the phase difference between legs of a pair is >0-5, the propulsi 
one side of the body alternate in Bettis with the propulsive ena ‘ade 
(see text-fig. la and Part 1, pp. 537 and 553). As the relative duration of the 
backstroke decreases (text-fig. 3a—f) the alternating points of support of the bod 
become farther apart, and so there will be an increasing tendency for the legs . 
throw the body into lateral undulations. This tendency is countered by the body 
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Footprints of Cormocephalus pseudopunctatus performing different gaits, the speed increasing 


from left to right. The magnification 4-1 is the same as used on Pl. 33 (see legend). Fig. a, 
track formed by an animal starting from a stationary position in gait (5-0 : 5-0), see text-fig. 3a, 
with a stride length of approximately 4:25 mm. (=3 x segment length), and reaching a gait 
nearly halfway between (5-5 : 4-5) and (6-0: 4-0) at the fifth pace with a stride of 6-1 mm. 
(=4:3 x segment length). Fig. 6, gait (5:5: 4-5) see text-fig. 3b, and fig. 28, Pl. 33, stride 
approx. 5-7 mm. (=4 X segment length). Fig. c, gait (6-68 : 3-32), see text-fig. 3d, and 
fig. 30, Pl. 33, stride approx. 7-9 mm. (=6 x segment length minus 0-6 mm. lost by undula- 
tions). Fig. d, gait (7-5 : 2-5), see text-fig. 3f, stride approx. 10 mm. (=nearly 8 x segment 
length minus at least 1-2 mm. lost by undulations). 
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musculature in the slower gaits, where the supporting points are closer together, but 
it becomes manifest in the faster gaits executed by the Scolopendromorpha. Slight 
undulations appear in Cryptops at a (6-68 : 3:32) gait (fig. 19, Pl. 32) and they are 
more conspicuous in a (7:25: 2-75) gait (fig. 20, Pl. 32). In Cormocephalus the 
undulations are more marked, the same two gaits being shown respectively in fig. 30, 
Pl. 33 and fig. 13, Pl. 37. It may be noted that the very marked undulations in fig. 30, 
Pl. 33 are reflected to a lesser degree in the mark left by the body on the track 
(text-fig. 5c). No photograph of the fastest gait has been obtained, but the more 
conspicuous undulations of the body mark in the track of text-fig. 5d must indicate an 
even greater undulation of the body than shown in fig. 13, Pl. 37. The propulsive legs 
in the Scolopendromorpha lie in the concavities of the body and not on the convexities 
as in Nereis. The occurrence of undulations must be disadvantageous in a pursuit 
of speed. Energy is expended in lateral movements of the body about the direction 
of motion (see Part 2, text-fig. 2, Cormocephalus ‘ top gear’) and is thereby wasted : 
and secondly, since the limb tips can only cross over slightly, any marked concavity 
of the body wall bearing the legs in the propulsive phase must lead to an increase 
in the crossing over of the limb tips unless accompanied by a reduction in the effective 
angle of swing of the leg. Reference to Part 2, table 1, shows that in all other groups 
of Arthropoda, changes in the angle of swing of the leg have a great influence upon 
the speed. The effect of a reduction in the angle of swing of the leg consequent upon 
body undulations is considerable in the Scolopendromorpha. For example, in the 
26 mm. animal shown in fig. 30, Pl. 33, performing gait (6-68 : 3-32) the stride length 
is approximately 7-9 mm. (the distance between the white spots, and see the same 
track shown in text-fig. 5c). If there were no undulations of the body, the stride 
length would be six times the segment length (see text-fig. 3d), which is 8-5 mm. 
An additional 0-6 mm. to the stride at a pace duration of 0-2 sec. would mean an 
additional 3mm.p.sec. to the observed speed of 35mm.p.sec. This represents 
a loss of 8-5% of the potential speed. In gait (7-5: 2-5) where greater undulations 
occur, the loss of speed on this account must be greater. Thus in the faster gaits 
a considerable measure of the potential speed gained by a quickening of the pace and 
an alteration of the gait is lost through undulations of the body (see p. 134). It has 
already been noted that such gaits are performed with reluctance. 


Variations in the locomotory movements. 


Reference has been made (p. 128) to the variability of the movements of the 
Geophilomorpha. They may show a regular repetition of the locomotory pattern 
all along the body, or they may not. In fig. 16, Pl. 37, the points of support of the 
body are almost evenly spaced, and each metachronal wave is composed of the 
same number of legs. The track so formed will show the common footprints at 
equal intervals, as occurs on parts of text-fig. 4d and e. At other times different 
numbers of legs form the successive metachronal waves. In fig. 40, Pl. 25, the 
waves comprise 4—7 legs in different parts of the body, and the common footprints 
then lie at unequal distances apart as is clearly seen in parts of text-figs. 4d, e and f. 

In the Scolopendromorpha a conspicuous increase in the number of legs comprising 
a metachronal wave denotes not only a relatively shorter backstroke, but also a 
shorter pace duration, and results in a faster speed (see p. 134). Inthe Geophilomorpha 
where different numbers of legs comprise the metachronal waves passing along the 
body at the same time, the backstroke in all waves is of the same duration, and the 
speed is constant in all parts of the body, thus the pace duration and the duration 
of the forward stroke varies in the different waves. If leg 1 is held off the ground 
for a longer time than usual, its stride when it is put down is longer. Leg 2 repeats 
the performance of leg 1 and is put down on the same common footprint, a procedure 
necessitated by the type of gait employed, and leg 3 again repeats the longer stride. 
Any irregularity in stride performed by leg 1, or any other leg, may be repeated by 
all the more posterior legs of the body, and so the track shows the series of footprints 
at irregular intervals as in text-figs. 4e and f. A similar type of irregular stepping 
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has already been described for Peripatus (Part 1, pp. 550 and 561, text-fig. 4 at 
G, H, J and W, X, Y, Z and text-fig. 8, G and W). The Geophilomorpha usually 
step with the paired legs in opposite phase, but owing to the irregular stepping 
just described which is independently propagated along each side of the body from 
before backward, the phase relationship between the paired legs is changeable. 
A pair may momentarily step in the same phase, as shown by legs 10, 11, 45 and 46 
in fig. 16, Pl. 37, and many common footmarks on text-fig. 4d which lie at the same 
transverse level on the two sides, indicate that the paired legs when passing this 
point were almost in similar phase. This is shown also in text-fig. 4e where the 
second left and third right footmarks from the bottom of the page lie almost at 
the same level. The animal tends to regain the alternate phase relationship between 
legs of a pair, in text-fig. 4e approximately four left legs on leaving footprint 3 
executed two shorter paces than usual, common footprint 4 lying level with the 5th 
right footprint from the bottom, and common footprint 5 lying little more than 
half way between the right 5th and 6th. Here, however, the majority of left 
legs did not exactly follow these four, they missed out the 4th footfall and all 
took a long stride to the left common footprint 5, thereby regaining the alternate 
phase relationship between the legs of a pair which is roughly maintained for the 
rest of the track. Since the pattern of the gait is frequently (5-0 : 5-0) there is little 
disadvantage attached to the variable phase relationship (see also ‘ middle gear ’ of 
Peripatus Part 1, pp. 547 and 553). It is only when the backstroke is markedly 
shorter than the forward stroke that an alternate phase relationship between the 
paired legs is desirable (see Part 2, p. 110). A greater variability in the distance 
between the footmarks is seen on text-fig. 4f. 

The Scolopendromorpha also show this type of variability, but to a much smaller 
extent. The successive footprints on text-fig. 5b, c and d are not at exactly even 
intervals, and Pls. 32 and 33 show small variations in the number of legs comprising 
successive metachronal waves, but the phase difference between the paired legs 
never departs far from 0-5. 

The variability in stepping by the anterior legs in the Geophilomorpha may 
normally be correlated with the choosing of a foothold, and an ability to vary the 
stepping when burrowing where the footholds may be discontinuous or shifting 
clearly must be advantageous. It appears to be unnecessary to invoke a supposed 
lack of nerve connections between the two cords to explain the variable phase 
relationship between legs of a pair, as suggested by Holst (1934a). In the Scolopendro- 
morpha an increase in leg length and a reduction in leg number is combined with a 
much more rapid stepping by the faster gaits and for this amore regular performance is 
essential (see pp. 134 and 136). As few as five legs may be propulsive at some moments, 
and so the animal must step evenly in order to combine speed with stability, and a 
choice of footholds becomes impossible. A lack of fixity of the phase relationship 
between legs of a pair may be a primitive feature as seen in Peripatus, and this 
variability has been sacrificed in the Scolopendromorpha for the attainment of 
speed, while its further development in the Geophilomorpha gives a flexibility to 
the gait which may be considered to be a specialization associated with a burrowing 
or cryptic habit. This flexibility is not rightly described as a * lack of co-ordination 
of limb movements ’ (Foxon, 1936) but is actually a most beautiful example of both 
longitudinal and transverse co-ordination. 


The duration of the pace, the pattern of the gatt, the angle of swing of the leg and the 
resultant speed. Ser 

The factors which determine the speed in Peripatus are (1) the relative duration 

of the backstroke and (2) the degree of extension of the leg and its angle of swing, 
the pace duration remaining approximately constant (see Part 1). The series of 
gaits described above for the epimorphic Chilopoda also results in progressively 
faster speeds as the relative duration of the backstroke decreases, but unlike the 
Onychophora the pace duration also changes. The nature of the gait in ney 
morphic Chilopoda necessitates the maintenance of a constant angle of swing of the 
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leg over a considerable range of gaits, a condition contrasting with most, if not all, 
arthropodan groups, where as much as half of an observed increase of speed may be 
due to an increase in the angle of swing of the leg (see Part 2, table 1). At very slow 
speeds the angle of swing in the epimorphic Chilopoda decreases slightly (see p. 128) 
and it also effectively decreases in the fastest speeds owing to the lateral undulations 
of the body (p. 130). 

It has been found that the speeds executed by different animals of the same 
species bear a linear relationship to the animal’s lengths. Thus the speeds of indivi- 
duals of different lengths can readily be compared. In order to draw comparisons 
between the speeds of animals of different species, individuals must be chosen of a size 
which possesses the same segment volume, and therefore approximately the same 
loading of the legs (see Part 2, p. 96). The sizes usually chosen for comparisons made 
throughout this Part correspond with a body length of 38 mm. for Cryptops anomalans. 

Much the same range of pattern of gait is found in the Geophilomorpha and 
Scolopendromorpha, but the gaits are employed for different purposes in the two 
groups, the Scolopendromorpha,achieving fast speeds for surface running, and the 
Geophilomorpha a flexible gait for a burrowing or cryptic habit. The pace durations 
employed by the two groups are very different. The slower gaits are executed at 
roughly similar pace durations in both groups, but in the Scolopendromorpha the 
pace duration steeply declines as the relative duration of the backstroke decreases, 
and results in speeds of over 300 mm.p.sec., while in the Geophilomorpha the pace 
duration may either decrease slightly or even increase in the faster gaits, and speeds 
of up to 23 mm.p.sec. have been recorded. 

The slower speeds will be considered first. The Geophilomorpha which have 
been examined possess different numbers of walking legs and different lengths (see 
table 2), and they achieve speeds of 3-23 mm.p.sec. by gaits ranging from (5-0 : 5-0) 
to (7:8 : 2-2), that is, by a gait as in text-fig. 3a to one faster than shown in text-fig. 3f, 
at pace durations of 1-2 to 0-2 sec. In table 1 the speeds of several Geophilomorpha 
and Scolopendromorpha performing gait (5-0: 5-0) and gait (5-75 : 4-25) are given, 
together with their lengths, numbers of walking legs and pace durations. The 
entries for the duration of the pace for each gait are of much the same order. The 
differences may be due in part to variations in room temperature at the time of 
recording (see Part 2, p. 96). In the right hand column the observed speeds are scaled 
to correspond with animals of the sizes which possess approximately the same 
segment volume. Since this volume is not easy to estimate with great accuracy, 


TABLE l. 
Speed in mm.p.sec. of 
Length Number of _ Pace Actual animals scaled to approx. 
Animal in pairs of duration speedin the same segment volume 
mm. walking legs in secs. mm.p.sec. (as in text-figs. 1 and 2) 
GEOPHILOMORPHA 
Geophilus carpophagus 33 46 0:38 10 a) 
G. longicornis 39 52 0:43 8:3 21 
Geoperingueyia dentata 31 46 0-26 11 34 
A Tunisian species of Gait approx. 
Geophilinae 42 52 0-34 ll tf (5:75 : 4:25) see 
ScoLOPENDROMORPHA text-fig. 1b-c 
Cryptops anomalans 42 20 0:26 40 36 
Cormocephalus 
pseudopunctatus 51 20 0:29 80 20 
GEOPHILOMORPHA 
Stigmatogaster 
subterranea 60 78 0-67 3:7 1 
SCOLOPENDROMORPHA : oor ee 
Cormocephalus textli 1 
pseudopunctatus 51 20 0-32 20 13 ee 


The employment of two gaits by different animals, for description see text. 
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the correspondence is only approximate. The speeds of the several animals is seen 
to be of much the same order for each gait, 9-13 mm.p.sec. for gait (5-0 : 5-0) and 
20-36 mm.p.sec. for gait (5-75 : 4-25), and the performance of the apparently ‘ fast ’ 
Scolopendromorpha isnot markedly faster than the apparently ‘slow’ Geophilomorpha. 
Thus different epimorphic Chilopoda obtain the same order of speed and use similar 
pace durations for the execution of similar gaits over the slower range of speed. 
The shorter bodied British and African Geophilomorpha which have been examined 
quicken the pace somewhat as the relative duration of the backstroke decreases. 
This decrease in pace duration is not always regular. Owing to the variability 
in composition of the several metachronal waves at any one moment it is not 
possible to define the animals’ gaits exactly. Table 2 gives the performance of 
Geophilus longicornis :—the pace duration decreases from 0:54 to 0°37 sec. while the 
pattern of the predominant gait changes from (5:55 : 4:45) to (6-34 : 3-66) and the 
speed increases from 6-1 to 11-9mm.p.sec. A comparable series of runs is shown 
in table 2 by a Tunisian species of Geophilinae, which steps more rapidly and 
consequently walks faster. Except for the small magnitude of changes in pace 
duration, these two animals resemble the majority of Arthropoda in the increase 
in pace duration being associated with the employment of faster gaits (see Part 2, 
table 1). In the British Stigmatogaster a contrary condition occurs. Increase in 
speed still results from the use of gaits with shorter relative durations of the backstroke, 
but they are executed at longer pace durations. In table 2 the pace duration increases. 
irregularly from 0-67 to 1-2 sec. while the gait changes from (5-0 : 5-0) to (7-8 : 2-2). 


TABLE 2. 


Predominant gait Duration of 

(relative duration of pace 
forward and in seconds 
backstrokes) 


Geophilus longicornis 
39 mm. long 
52 pairs walking legs 


5-55 : 4-45 
5-5 
elongated segment 5:3 
5-7 
6-5 
6:3 


24-5 
7: 4-63 
5 : 4-25 
33-5 
4: 3-66 


0-8 mm. long 
0-8 mm. long 


Stigmatogaster subterranea 


78 pairs walking legs 
elongated segment 
0-8 mm. wide 
0-96 mm. long 


5-0 
4-4 
4-0 
: 2-15 
4 
2 


5:0: 
5-6: 
6:0: 
7:85 
7:6: 
7:8: 


bo bo 


A Tunisian species of Geophilinae 
42 mm. long 
52 pairs walking legs 
elongated segment 
0-8 mm. wide 
1:0 mm. long 


Experimental runs entered in order of an increase in speed by three species of Geophilomorpha 
of nearly comparable sizes (closely similar segment volumes) which increase slightly from Geophilus 
lonaicornis above, downwards. 


No other arthropod has yet been found in which an increasing pace duration is 
associated with an increasing speed, and, as might be expected, the resultant speeds 
are slower than other Geophilomorpha of comparable sizes (see table 2), 


134 S. M. MANTON : THE EVOLUTION OF 


Much greater speeds are achieved by the Scolopendromorpha because their pace 
durations can be decreased from 0-2 to 0-038 sec. or less. Gaits in the vicinity of 
(6-0 : 4-0) are those most frequently practiced under experimental con ditions (see figs. 18 
and 31, Pls. 32 and 33). A wide range of speeds, approximately 45 to 90 mm.p.sec. 
by a Cryptops anomalans of 38mm., results from their employment owing to the 
associated changes in the pace duration (0-19 to 0-12 sec.). Part 2, table 1, p. 104, 
shows that over a speed range of 11 to 111 mm.p.sec., changes in the pattern of 
the gait accounts for only 6% of the increase in speed, while the quickening of 
the pace contributed 94% of this increase. 

Cryptops anomalans 38mm. accelerates from 80 mm.p.sec. at gait (6-0: 4-0) 
to nearly 200 mm.p.sec. at gait (6-34 : 3-66), see text-fig. 3c-d, utilizing pace durations 
of >0-05 sec. without marked undulations of the body. The changes in the gait 
provide a larger contribution than before to the increase in speed (see Part 2, table I, 
speed range 111 to 260 mm.p.sec.), but the quickening of the pace still remain the 
predominant factor. 

The fastest speed fully recorded for an epimorphic chilopod was 350 mm.p.sec. 
by a Cryptops anomalans of 46mm. length, which corresponds with 290 mm.p.sec. 
for an animal 38 mm. long. This animal over its fastest speed range shows body 
undulations of increasing amplitude and length as the pattern of the gait changes. 
It has been shown for Cormocephalus (p. 130) that at gait (6-68 : 3-32) these undulations 
result in a loss of 8-5% of the potential speed. Cryptops anomalans (38 mm. long) 
undulates less freely than Cormocephalus, and at a speed of 290 mm.p.sec. executed 
by gait (6-68 : 3-32) at a pace duration of 0-038 sec. it loses only about 2% of its 
potential speed, the reduction in stride length caused by body undulations being 
jJargely compensated for by the small increase in the extension of the body which 
occurs in the faster gaits (seep. 119). In the faster speeds the changes in the pattern 
of the gait become of greater importance, as shown by the entry for the Cryptops 
speed range of 260 to 290 mm.p.sec. (Part 2, table 1). Here the contribution to 
the speed increase made by a quickening of the pace has decreased to 82° while 
that made by a change in the gait has increased to 40%, and together they compensate 
for the loss of speed caused by a reduced angle of swing of the leg due to body 
undulations and expressed here as (—22°/) of the observed increase. 

Full data could not be obtained for the fastest gaits, over (6-68 : 3°32) to 
(7-25 : 2-75), but a shorter pace duration and a faster speed must occur in the fast 
(7-25 : 2-75) gait (see text-fig. 3e, and fig. 20, Pl. 32). The disadvantageous factors 
attendant on these gaits are clear, as although they produce faster speeds, the loss 
of speed by undulations and the strain imposed upon the intersegmental musculature 
are both greater. The reluctance of Cormocephalus to perform the faster gaits is 
probably associated with the lesser ability of this animal compared with Cryptops 
anomalans to control lateral undulations of the body. 

The pace durations executed in this country by the Natal Cormocephalus did 
not decrease as steeply with a decrease in the relative duration of the backstroke 
as they do in Cryptops. A Cormocephalus 26 mm. long (the length possessing the 
same segment volume as a Oryptops of 38mm.) performed the (6:68 : 3-32) gait 
(fig. 30, Pl. 35) at a pace duration of 0-2 sec., and achieved only 36 mm.p.sec.*, 
about one-eighth of the speed of Cryptops and only 56 mm.p.sec.* resulted from 
the fast (7:25 : 2-75) gait at a pace duration of 0-15 sec. Faster speeds of about 
80-100 mm.p.sec.* were given by these animals when first liberated from confinement 
in the post, but could not be elicited during subsequent months in which they became 
progressively more ‘tame’. The greatly inferior speeds achieved by Cormocephalus 


compared with Cryptops are largely due to a comparative slowness in stepping in 
the faster gaits. 


* These speeds are scaled to the 26 mm. length. Actually speeds of >2 
animals 51 mm. long were obtained. i RTS ah Gaia creme 
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The shape of the bedy of Cormocephalus must inevitably lead to slower speeds 
than those of Cryptops using the same gait. The segments of Oryptops are approxi- 
mately as wide as they are long, while those of Cormocephalus are 1-4 times as wide 
as they are long (see Pls. 32-and 33). The length of a segment in a Cormocephalus 
26 mm. long is 26% less than it is in a Cryptops 38 mm. long (the sizes which possess 
approximately the same segment volumes). Since the stride length in the several 
gaits is dependent on the segment length (see text-fig. 3), it follows that the stride 
of Cormocephalus will be 26% less than that of Cryptops executing the same gait, 
and the resultant speed at the same pace duration will also be 26% less. 

The larger Scolopendromorpha tend to show a segment which is wider than 
it is long, and such centipedes will be expected to be relatively less fast in all gaits 
than the smaller forms with Cryptops-like proportions. The legs of a Cormocephalus 
(26mm.) are 39% shorter than those of a Cryptops (38 mm.). A shorter legin: 
Cormocephalus would be expected to accompany a shorter and wider segment, but 
a shortening of the order mentioned must result in a larger angle of swing of the 
leg being used by Cormocephalus than by Cryptops (compare figs. 19 and 30, Pls. 
32 and 33). Whether the shorter leg is correlated with a larger absolute size is at 
present a matter of conjecture. 


MORPHOLOGICAL FEATURES CORRELATED WITH BURROWING, 
WALKING AND RUNNING. 


Morphological features which appear to be associated with the ability to execute 
the locomotory mechanisms here described will now shortly be considered. 


Features associated with burrowing. 


It has been shown (p. 120) that in the Geophilomorpha active burrowing is 
accomplished by body movements, for which strong longitudinal musculature 
operates telescopic segments, the limbs serving the same purpose as the setae in 
LIwumbricus. The inconspicuous intercalary sclerites seen in the Scolopendromorpha 
are developed in the Geophilomorpha into the large intercalary tergites and smaller 
intercalary sternites, which slide over one another and are staggered in position 
(fig. 41, Pl. 35), so facilitating both the telescoping of the segments and the maintenance 
of longitudinal rigidity in the absence of supporting limbs. The several isolated 
sclerites in the elastic pleural region are equally essential for the telescoping mechanism 
and have not been evolved by other Chilopoda. The tendency towards a shortening 
of the segments and their increase in number is also correlated with the telescopic 
burrowing mechanism. This is carried far in the large Orya barbarica with segments 
at least 6mm. wide and 1:5mm. long in the longitudinally contracted condition. 
Such short, wide segments are reminiscent of the juliform Diplopoda (see Part 2, 
~text-fig. 5) which, however, are not able to alter their length, and the functional 
reasons for the evolution of short, wide segments in the Diplopoda are entirely unlike 
those for the Geophilomorpha. é; 

Walking into existing crevices and holes is assisted by the tapering anterior end 
of the body of the Geophilomorpha and some Scolopendromorpha (see p. 136). Walking 
over discontinuous or shifting footholds is facilitated by the remarkable flexibility 
of the gait in the Geophilomorpha, which is here considered to be a specialization 
(p. 131), and is made possible, in part, by the shortness of the legs. Lastly, a short 
leg which is associated with a short segment, as in the Geophilomorpha, causes a 
minimum of impediment by its projection. 

ionship between the lengths and numbers of body segments and of legs, the 
te Be ich can be Ses the speeds which are achieved and the habitats of 
the epimorphic Chilopoda. 

Attems (1926) noted the correlation between speed of running and a decrease 
in the numbers of body segments in the Chilopoda. Concerning the base of the 
leg he says that ‘ Die Konfiguration der Hafte steht ebenfalls im Kinklang mit der 
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Schneligkeit ’, the eucoxa in Scutigera forming a closed ring giving more precise — 
movements of the leg than in the Geophilomorpha where the eucoxa 1s a half rmg 
‘und das Bein sitzt viel weicher und freier in den Pleuren ’. 

The length of a leg is correlated with the length of the segment and with the 
gaits employed. A leg cannot be longer than a measure determined. by its angle 
of swing and the length of the segments, or mechanical interference by considerable 
crossing of the propulsive tips may occur (see text-fig. la). An increase in length 
of both leg and segment will increase the stride and therefore the speed, but the 
unsupported stretches of the body will also be elongated, so that the strain on the 
intersegmental musculature will be greater, and the tendency for the body both 
to sag and to undulate will increase. Thus a limit is set to the evolution of speed 
by the employment of both faster gaits and longer legs. The Pauropoda have avoided 
this impasse by standing further up on their legs, by effecting a simultaneous transfer 
of the weight from one leg to the next, and by possessing shorter segments (see 
p. 156). This method is not open to the Chilopoda, as it would result in too great 
a loss of stability when running and they would blow over sideways (see Part 2, p. 97). 

The Geophilomorpha do not depend upon fast speeds, and their predominantly 
burrowing or cryptic habit is suited by short legs which cause the least impediment 
by their projection. If the legs are short, or if their angle of swing is small, the 
segments may also be short. If the photographs of Stigmatogaster and Cryptops in, 
fig. 16, Pl. 3 and figs. 17-20, Pl. 32 be compared, it is seen that relative to the 
segment length the legs are approximately twice as long in Cryptops as they are 
in Stigmatogaster ; and if the groups of three converging legs be compared, the 
legs of Stigmatogaster clearly move through a greater angle of swing than do those 
of Cryptops. The shorter legs in the Geophilomorpha moving through a large angle 
of swing combine efficience with the minimum of lateral projection. This is 
favourable to their habits, burrowing being more strongly developed in the Geophilo- 
morpha than in the Scolopendromorpha. 

In pursuit of speed it is clearly advantageous for both the stride and the angle 
of swing of the legs to be as large as possible. When the legs are long a slight crossing 
of the limb tips in the propulsive phase will be advantageous in increasing the 
stride if it can be effected without mechanical interference. Such a crossing is 
common in the Scolopendromorpha in the medium and faster gaits, but not in the 
Geophilomorpha, and is facilitated by a differential length of the successive legs 
of the body. If leg ‘n-++1’ is longer than leg ‘n’, it can be put on the ground 
both just in front and outside the tip of leg ‘n’, so causing no interference (see 
p. 128 and figs. 13, 17-20, 29 and 30, Pls. 31, 82 and 33). In the Geophilomorpha 
the limb tips may touch but they do not cross over appreciably (figs. 16 and 40, 
Pls. 31 and 35), and successive legs throughout most of the body are of approximately 
equal lengths. In the Scolopendromorpha, on the contrary, the average increase 
in length of leg “n-+1’ over leg ‘n’ in, for example, Cryptops hortensis, is 2-6% for 
legs between segments 4 and 18, and 1-05% for those between segments 9 and 14. 
There is, however, a practical limit to the degree of differential limb length. Since 
every leg must be capable of executing the same length of stride, the anterior legs. 
cannot be extremely shorter than the posterior legs. In the Scolopendromorpha 
employing twenty pairs of walking legs, leg 20 is often a little over twice the length 
of leg 1 (see text-fig. la). A greater difference in length between anterior and 
posterior legs would be impracticable. Thus a moderate number of body segments 
is associated with an ability to run fast; if 50 of 100 pairs of legs were present 
their differential length would have to be much less and the speed would be less. 

In the Onychophora, as in many Polychaeta, the body tapers slightly at either 
end, and the anterior and posterior walking limbs are shorter than those in the 
middle. This is also true of some Geophilomorpha, for example, Geophilus longicornis, 
and may be a primitive feature. When the posterior walking legs are as long as 
the middle ones, as in Geophilus carpophagus (fig. 40, Pl. 35), or longer, as in the 
Scolopendromorpha, all the middle and posterior legs are equally useful, in contrast 
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to Peripatus where the short posterior legs are often not employed (see Part 1). 
An anterior tapering of the body is conspicuous in many burrowing Geophilomorpha 
(see Stigmatogaster, in fig. 16, Pl. 31) and is doubtless a serviceable shape for that 
habit. _This feature is less marked in many Scolopendromorpha (see Oryptops 
hortensis and Cormocephalus, figs. 31 and 27-30, Pl. 23), and is not present in Cryptops 
anomalans (figs. 17-20, Pl. 32), Shorter anterior legs are associated with an anterior 
tapering of the body, and stepping by the first one or two pairs may be absent or 
incomplete at the slower speeds in Cormocephalus (Pl. 33), but in Cryptops anomalans 
and C’. hortensis these legs are usually employed (see figs. 17-20, and 31, Pls. 32 and 33). 
For a consideration of the evolution of the number of segments in the different 
groups, see p. 159. 


The shapes of segments in relation to the length of the leg and undulations of the body 
in the Epimorpha and Anamorpha. 


The shapes of the segments in the Scolopendromorpha, Lithobiomorpha and 
Scutigeromorpha appear to provide in varying measure a force counteracting the 
tendency for the body to undulate (see p. 128) at the faster speeds. The tendency 
is greater in the Lithobiomorpha and Scutigeromorpha owing to their longer legs 
(text-figs. 1b and 2). The sternites of the body segments are of even length in all 
these animals, and their articulations are shown by heavy dotted lines in text-figs. 
la and 6, and 2. In Scutigera one large tergite lies over the four middle sternites, 
and eight tergites (heavy lines) in all cover the fifteen sternites (dotted lines) of the 
trunk (see text-fig. 2). The joints between the tergites nowhere lie directly above 
the joints between the sternites. Oblique dorso-ventral and other muscles of the 
Arthropoda vera normally traverse several segments. This staggering of the movable 
joints along the dorsal and ventral surfaces, and the presence of a large common 
tergite in the middle region, must greatly assist the musculature in counteracting 
the undulatory tendency. The undulations appearing at fast speeds are very 
moderate (see Part 2, text-fig. 2, Scutigera). If they were greater the diverging propul- 
sive legs of successive groups would overlap (in text-fig. 3 right leg 10 would overlap 
right leg 4) and the fast gaits employed would not be practicable. It seems clear 
that in Scutigera the arrangement of tergite and sternite joints must considerably 
assist the musculature in supplying an anti-undulatory force. 

In the other Chilopoda mentioned above the tendency to undulate is smaller, 
and the measures counteracting their appearance appear to be of the same type 
as in Scutigera but less well developed. In Lithobius the legs are shorter, all tergites 
are separate but of alternate sizes, so that the joints between them are again staggered 
in relation to the sternal joints (text-fig. 1b), except for the single joint between 
the two large tergites on the 7th and 8th leg-bearing segments (trunk segments 
8 and 9). A similar alternation in tergite size is shown by the Scolopendromorpha 
(text-fig. 1a) ; it is less markedly developed, the legs are shorter, and the undulatory 
tendency must be less. It is here suggested that this slighter staggering of the 
tergite and sternite joints in the Lithobiomorpha and Scolopendromorpha has a 
similar, but lesser, anti-undulatory significance. In the Geophilomorpha the iegs 
are shorter, so that the tendency to undulate must be much less than in the animals 
just considered. The staggering of the joints between the tergites, the intercalary 
tergites and the sternites has already been noted, together with the particularly 
powerful longitudinal musculature (p. 120), and these features entirely prevent 
undulations. 

It will be noted that two successive large tergites occur on the 7th and 8th leg 
bearing segments (trunk segments 8 and 9) both in the Scolopendromorpha and 
Lithobiomorpha, and that they are fused in the Scutigeromorpha. It is probable 
that the evolution of this fusion in Scutigera from a lithobiomorph-like condition 
occurred along with the evolution of the longer legs as measure counteracting an 
increasing tendency towards body undulations. No functional suggestion can be 
offered for the remarkable occurrence of large 8th and 9th tergites in both the 
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Scolopendromorpha and Lithobiomorpha ; since the body segments are unlike in 
number, these tergites lie in the anterior part of the body in Scolopendromorpha. 
and in the middle in the Lithobiomorpha. Since the locomotory mechanism of the 
two groups must have evolved independently, this tergite similarity, whatever its 
significance, may date from an early common stock before the distinctive locomotory 
mechanisms and their associated morphology were evolved. 


THE GAITS OF THE CHILOPODA ANAMORPHA (LITHOBIOMORPHA 
AND SCUTIGEROMORPHA). 
General character of the gaits. 


It has been shown above that the gaits of the epimorphic Chilopoda are further 
evolutions of a type of gait seen in the ‘ middle gear’ of Peripatus, and that this 
has limited the leg to a moderate length. The gaits and morphology of the body 
in the anamorphic Chilopoda have on the contrary evolved in association with an. 
increasing leg length, and the further development of a gait such as the ‘ top gear ” 
of Peripatus. Increase in leg length results in a longer stride and an increase in 
speed. The maximum stride lengths of Cryptops, Lithobius and Scutigera of 
comparable sizes (similar segment volumes and similar leg loads, see Part 2, p. 96) 
are 15, 21 and 38 mm. respectively, the stride lengths of Scutigera greatly exceeding 
the length of the body (the gaits shown in text-figs 1 and 2 are fast but not maximal). 

If a leg becomes long relative to the segment, crossing over by consecutive legs 
must occur unless the phase difference between successive legs is very small indeed ; 
such phase differences are impracticable when the relative duration of the backstroke 
is small, as it is in all fast gaits, and thus the legs of these chilopods must cross 
over, and, as shown in Part 2, they must do so during the recovery phase. The 
phase difference between successive legs must be <0-5 in order to effect this, and 
successive propulsive legs thus diverge from one another, an opposite condition to 
that in the Scolopendromorpha where successive propulsive legs converge on to 
the same footprint. An upper limit to the phase difference is set by the desirability 
of avoiding not only crossing over of successive legs in the propulsive phase, but 
also any crossing of the posterior legs of one group of successive propulsive legs by 
the anterior leg of the next group behind it ; for example, in text-fig. 2 of Scutigera, 
where the propulsive legs are shown in black and the recovering legs in outline, right 
leg 10 must not be put down in front of right leg 4, and in Lithobius (text-fig. 1b) 
right leg 10 must not be put down in front of right leg 5. Thus the longer the leg, 
and/or the greater its angle of swing, the smaller must be the phase difference between 
successive legs. It is, however, advantageous to have the phase difference as large 
as possible. If it is very small the number of successive legs in each group will be 
large, and this leads both to longer stretches of the body being unsupported, and 
to the supporting points being situated in groups instead of being evenly distributed 
as seen in text-figs. 1b and 2. For the fast speeds in which the angle of swing of the 
leg is maximal, Lithobius employs a phase difference of 0-154 while Scutigera with. 
its longer legs utilizes one of 0-135. 

The movements of the legs relative to the ground are shown in text-figs. la and 2. 
Undulations of the body only occur at the faster speeds (see p. 128), and when present 
the propulsive legs lie on the convexities of the body and not in the concavities as 
in the Scolopendromorpha.* The metachronal waves of limb movements travel 
forwards. Each group of successive propulsive legs on one side can be likened to. 
parts of a caterpillar wheel which are being progressively put down anteriorly and 
picked up posteriorly. For example, in text-fig. 2, right leg 9 will be put down on 
the ground in front of leg 10 as shown, and leg 12 will be raised, then leg 8 will be 
put down and leg 11 raised, etc. and similarly for Lithobius. 


* Because the phase difference is >0-5 in the Scolopendromorpha and <0:5 in Lithobius 
and Scutigera. 
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Tt has been shown that in the Kpimorpha, as in Peripatus ‘ middle gear’, leg 

n+l’ uses approximately the same footprint as leg‘n’. In Lithobius and Scutigera 
the length of the leg results in the distance ‘d’ travelled in the time interval ‘t’ 
between the footfalls of legs “n’ and ‘n-+1’ (see text-fig. 1, Part 1) being much greater 
than the length ‘s’ of a Segment. Thus the footprints at each pace no longer form 
compact common marks. Since leg ‘n-+1’ is put down in front of the footmark of 
leg ‘n’ (see Part 1, p. 537) elongates ‘sets ’* of footprints are formed, as in Peripatus. 
‘top gear’ (Part 1, text-fig. 2h), but since the value of ‘d’ relative to ‘ Ss’ is much 
greater, the length of these ‘ sets’ is greater, being seven times the body length in 
Lithobius and thirteen times in Scutigera. The track made by the fast gait of Lithobius 
1s composed of nine superimposed ‘sets’ while that of Scutigera is formed by ten 
“sets ’. 

The track made by a fast gait of Scutigera is shown in text-fig. 10 and a plan 
of the footprints is given in text-fig. 9. On the left of text-fig. 9 the continuous 
lines unite oblique rows of footprints. The numbers within the rings refer to trunk 
limbs 1-14 which made the footprints. The rows are oblique because the successive 
legs are progressively longer, and because the anterior legs are directed somewhat 
forwards (see Part 2, text-fig. 2). Two or three successive footprints on each line 
may be occupied simultaneously (see left legs 6, 7 and 8 on text-fig. 2) and each 
group of propulsive legs on one side of the body lies on a different oblique line (see 
legs 1, 6-8 and 14 on the left of text-fig. 2, and legs 3-4 and 10-12 on the right side). 
On the right of text-fig. 9 dotted lines unite the footprints of each ‘ set’, that is, the 
footprints belonging to the same pace (see text-fig. 1, Part 1) which in the Scolo- 
pendromorpha and Peripatus ‘ middle gear’ are co-incident. In Scutigera the 
differential leg lengths and positions of the legs (see text-fig. 2, and Part 1 text-fig. 2) 
results in every footfall occupying a separate position. (The tracks on soot paper 
may not be easy to decipher because each leg on leaving the ground may make a 
roughly forwardly directed scratch). In Lithobius the ‘ oblique lines’ of the foot- 
prints are close together and less oblique, and footprints situated on different. 
‘ oblique lines ’ may lie at co-incident transverse levels, thus the dotted line ‘L” 
on the left of text-fig. 9 passing through footprints 3, 7 and 11 is in Lithobius ‘ top gear” 
horizontal and short. The footprints of Lithobius in a fast gait lie in groups of 
3 or 4 as shown in text-fig. 1b and text-fig. llc, and by Holst (1934 6) ; the footprints 
of the anterior legs in each group lie nearer to the middle line than those of the 
posterior legs. 

Foxon (1936) claims that the differential length of the legs in Lithobius allows. 
the tips of one leg to be placed upon the ground in front of the tip of the leg 
immediately in front, as illustrated by his fig. 8. No photograph is shown to- 
substantiate the claim, and the present account indicates that no anamorphic chilopod. 
could step like this. Foxon’s figure might illustrate the gait of a scolopendromorph 
chilopod (not examined by him), which is of a fundamentally different type from 
that of Lithobius (see text-figs. la and 6). 


Changes in the patterns of the gaits and in the undulations of the body. 
As in the Epimorpha, a series of gaits is shown in which the relative durations. 


“of the backstroke and the phase differences between successive legs change simul- 


taneously with alterations in the place duration, but unlike the Epimorpha, the 
range of pattern is more limited and the practicability of the series is uneven. The 
relative duration of the forward and backstrokes ranges from (5-5 : 4:5) to (6-54 : 3-46), 
but a progressive decrease in the relative duration of the backstroke is not associated 
with a similarly graded series of values for the phase difference between successive 
legs, as occurs in the Epimorpha. A reduction in the number of walking legs in the 
Anamorpha is associated with the evolution of gaits in which the footfalls occur at 
equal, or almost equal, intervals of time, and in which there is a constant or almost 
constant number of propulsive legs at every moment. These two advantages appear 


* For a definition of ‘ set’ see Part 1, p. 536. 
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to control the choice of the gait so that all gaits of the series which can, be performed 
are not equally favoured. The patterns of the gaits executed by adult Lithobvus 
and Scutigera, together with their accompanying phase differences between successive 
legs are shown in text-fig. 6, arranged respectively from left to right in order of decrease 
of the relative duration of the backstroke and increase in speed. The movements 
of the left legs are indicated by dotted lines and those of the right legs by continuous 
lines. Heavy lines denote legs in the propulsive phase, and the disposition of the 
legs at the moments shown by the vertical dotted lines is given below, and can be 
compared with the photographs shown on the plates. Lithobius executes one main 
fast gait, text-fig. 6c, seen also in figs. 35 and 36, Pl. 34, and slower gaits of the type 
seen in text-fig. 6b and figs. 38 and 39, Pl. 35. Scutigera (imported into this country) 
most frequently shows the fast gait of text-fig. 6e (fig. 43, Pl. 36), less frequently 
the fast gait of text-fig. 6f, and the slower gaits of text-figs. 6b and d (fig. 44, PI. 36). 

As in the Scolopendromorpha (p. 128) lateral undulations of the body appear 
in the faster gaits, particularly in the Lithobiomorpha (see figs. 35, 36, 37, Pl. 34 
and fig. 43, Pl. 36, and Part 2, text-fig. 2). The alternating sizes of the tergites and 
their reduction in number are believed to facilitate a resistance to these undulations 
(see p. 137). The tendency to undulate must increase with an increase in leg length, 
and the control of body undulations by Scutigera is great considering the length of 
the leg. If undulations in fast gaits were as apparent here as they are in the 
Lithobiomorpha mechanical interference of the legs would result. The appearance 
of undulations will slightly increase the effective angle of swing of the leg, unlike 
the Scolopendromorpha where they reduce it (see p. 130), but the potential gain in 
speed is probably offset by the energy wasted in lateral movement. 


The gaits of Lithobius. 


As in the Geophilomorpha and Scolopendromorpha the dispositions of the legs 
in contact with the ground are not the same at every moment during each gait. 
The position of the legs at intervals of 1/10th of a pace are shown for the two 
principal gaits of Lithobius in text-fig. 7. Only six positions are given for each, 
since five of the ten views will be mirror images of each other, as are figs. 7a and f, 
andh and n. It is seen that more variety is exhibited by the different moments of 
these gaits than by those of the Epimorpha (text-fig. 3). Thus in the upper series _ 
of diagrams (text-fig. 7) two consecutive legs on the ground may be followed by either 
four or five in the recovery phase (text-fig. 7a and 6), and either groups of two 
propulsive legs are present on both sides of the body as in text-fig. 7a and f (fig. a 
exactly resembles the photograph in fig. 36, Pl. 34), or groups of two and three 
alternate as in text-figs. 7b-e, and fig. 34, Pl. 34. It will also be noted that somewhat 
the same disposition of legs can be found in both the gaits shown, as in text-fig. 7a 
(see fig. 36, Pl. 34) and text-fig. 7) (see fig. 39, Pl. 35): this resemblance is confined 
to the numbers of legs which are either on or off the ground. If the relationship to 
the substratum is also considered, these two views are quite distinct. The distance 
between successive propulsive legs is smaller in figs. 77 and J than in fig. a, and the 
legs diverge and converge from each other far less markedly in figs. 7j and J than 
in fig. a, as also seen in figs. 36 and 39, Pls. 34 and 35. The stride length and form 
of the tracks are also distinct, compare text-figs. lla, b and c, in which the 
stride lengths are shown by the distances between the black dots. The leg dispositions 
at other moments in these two gaits are not shared, thus figs. h, k and J of the slow 
gait, with successive groups of three legs on and off the ground, is never shown by 
the faster gait above (fig. h exactly corresponds with fig. 38, Pl. 35, the animal having 
lost its first left and sixth right legs) and figs. 7b and e with five successive legs off 
the ground (fig. 35, Pl. 34) is never shown by the slower gait below. It will also 
be noted that the legs of the two sides of the body may or may not lie in directly 
comparable groups. These diagrams represent the execution of the gaits by legs 
which all swing about the transverse plane to the same extent. In comparing 
the diagrams with photographs of the animal, allowance must be made for the 
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TEXxtT-FiG. 6. 

The principal gaits shown by Lithobius and Scutigera, the slower on the left and the faster on the 
right for each animal. The stepping movements of the right legs (continuous lines) and the 
left legs (dotted lines) are shown progressing from left to right. The lower diagrams show the 
positions of the legs at the moment indicated by the vertical dotted lines, legs in the 
propulsive backstroke are shown by heavy lines and those in the recovery stroke by thin 
lines. Legs not used for walking are shown by dotted lines. 
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TEXT-FIG. 7. 


The disposition of the legs of Lithobius, 25 mm. relative to the body and the ground are shown at 
intervals of 1/10th of a pace for the fast gait in figs. a—f and for the slow gaits in figs. h_-n; 


figs. a and f are mirror images of each other, as are figs. h and n. 

are marked by dots, and reading from left to right the manner 
can be followed. In figs. g and o the vertical lines mark the lengt 
tion of the full number of right footprints on this section of the 


The levels of the footprints 
of building up of the track 
h of a stride and the disposi- 
track is shown on the right 
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anterior and posterior legs which show respectively a greater anterior and a posterior 
swing, thus a posterior leg in its most anterior position may be little if at all, in 
advance of the transverse plane through the leg base (the range of limb movement 
in Scutigera is shown in Part 2, text-fig. 2). 

It will be seen from text-figs. 6 and 7 and figs. 34,35, 36, 38 and 39, Pls. 34 and 35, 
that one or both legs of a segment may be off the ground simultaneously but that 
both legs of two successive segments are not off the ground at once as is shown 
in text-fig. 8g on a larger scale. In the fastest runs, which are performed with 
reluctance, the backstroke is very slightly shorter than it is in a (6-54 : 3-46) gait, 
and both legs of two successive segments are thus off the ground momentarily, as 
in fig. 37, Pl. 34, where no legs are on the ground between left leg 5 and right leg 8 
(which oes marked by dots). This results in the undulations of the body becoming 
maximal. 


The gaits of Scutigera. 


The gaits of Scutigera have not been drawn in further detail than shown in 
text-figs. 2, 6 and 8. The slower gait (5-5:4-5) at a phase difference between 
successive legs of 0-154 is shown in text-fig. 6d, the lower diagram exactly correspond- 
ing with the photograph in fig. 44, Pl. 36. There are never more than three or four 
successive legs off the ground in this gait. The slow (5:5 : 4-5) gait at a phase difference 
ot 0-16 (text-fig. 6b) has been recorded on one occasion. The more readily executed 
fast gait (6-35 : 3-65) at a phase difference of 0-135 (text-fig. 6e) shows four or five 
consecutive legs off the ground as in fig. 43, Pl. 36, which exactly corresponds with 
text-fig. 2. The slightly faster gait (6:43 : 3-57) at a phase difference of 0-143 
(text-fig. 6f) yields a longer stride and a maximum speed. 


The order of footfalls in the main gaits and the constancy of number of propulsive legs. 


It will be shown below that in the most even gaits performed by the Lithobio- 
morpha and Scutigeromorpha the footfalls occur at approximately equal intervals 
of time, and a constant number of legs in the propulsive phase is always maintained. 
The legs thus bear even loads. This end is achieved by appropriate combinations 
of (1) the phase difference between successive legs (which determines the time 
intervals between the footfalls), (2) the relative duration of the backstroke (which 
affects not only the speed but the number of legs in the propulsive phase at successive 
moments), and (3) the numbers of pairs of legs employed. 

The usual fast gaits of Lithobius and of Scutigera are shown in text-fig. 6c, e and f. 
In both the phase difference between successive legs and the relative duration of 
the backstroke are correlated, so that left leg ‘n’ at the end of the backstroke is 
taken off the ground simultaneously with the putting down of right leg ‘n-+1’. 
This is shown in the diagram for Lithobius in text-fig. 8g, points ‘x’ and ‘z’ being 
vertically above one another. Scutigera is similar in this respect with a relatively 
longer backstroke and a smaller phase difference between successive legs than in 


_Legend to Text-rie. 7 (continued). : 


side of the vertical line. Fig. g, stride length 16-5 mm., shows the groups of 3 or 4 footprints 
characteristic of the fast gait (text-fig. 11b). A similar track with a longer stride length 
(17-19 mm.) is produced by an increased angle of swing of the leg (text-fig. llc). Fig. o, 
stride length 11-5 mm., shows the straggling footprints characteristic of the slower gaits. 
A somewhat similar track with a stride length of 14 mm. is seen in text-fig. lla, the increase 
in stride being due mainly to an increase in the angle of swing of the leg. Fig. p, stride 
length 12-5 mm., very closely resembles the track seen in fig. 38, PI. 3 (right side), the footfalls 
on each pace length forming three irregular groups. Fig. qg, stride length 11 mm., shows a 
different grouping of the footprints. ‘The tracks of figs. p and g, compared with fig. o, 
could result respectively from a relative slowing and quickening of the backstroke as indicated, 
if the angle of swing of the leg remained the same. If the angle of swing changes appro- 
priately, the gait change which produces such tracks will be much less than the figures given. 
The differences in gait of the animals forming tracks as in figs. n, 0 and p are so small as to 
be unappreciable except by pace length and successive foot print determination. Magnifica- 
tion of track ><1-6; the width of the body is net drawn to scale. 
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TEXT-FIG. 8. 


Fias. a-f show the order of footfalls and the number of legs in the propulsive phase throughout 
the duration of one pace (heavy horizontal lines) for a series of gaits, performed by different 
numbers of paired legs, and arranged in order of increasing phase difference between suc- 
cessive legs (entered on the left). This order does not correspond exactly with one of progres- 
sive increase in the relative durations of the backstroke (entered on the right). Right and left 
footfalls are marked along the heavy horizontal lines and occur at the following intervals, 
expressed below as decimals of the duration of one pace, entries are given for half the 
duration of a pace, those occurring in the other half being arepetition. The footfall intervals, 
are ;— 

Fia. a. 0-015, 0:04, 0:04, 0-055, 0-04, 0:04, 0-015, 0-04, 0-04, 0:04, 0-015, 0-04, 0-04, 0-04. 
Fia. 6. 0-071, 0-071, 0-072, 0-071, 0-072, 0-071, 0-072. 
Fig. c, 0-038, 0-038, 0-038, 0-038, 0-04, 0-038, 0-038, 0-038, 0-04, 0-038, 0-038, 0-038, 0-04. 
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Trext-ria. 8. 
ee aS 
Legend to Trxt-Fric. 8 (continued). 
Fic. d. 0-02, 0-02, 0-02, 0-02, 0-10, 0-02, 0:02, 0-02, 0-10, 0-02, 0:02, 0-02, 0-02, 0-08. 
Fie. e. All 0-16. 
Fie. f. All 0-025. 
The numbers between the arrows give the numbers of legs which are in the propulsive phase 
during the time interval between the arrows. In figs. d and e the arrows have been omitted 


on the left half of the diagram. f 
Fias. g and h show the propulsive backstrokes of three pairs of successive legs performing 


the given gaits. For further description see text. 
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Lithobius (see text-fig. 6c, e and f)*. This synchronization contributes iets 
the production of a constant number of propulsive legs at every moment A i. e 
gait ; if the points ‘ x ’ and ‘z’ either overlap as in fig. 8h or do not meet, irregularities 
in this number are produced (see below). 

In text-fig. 8a—f the footfalls during one pace are marked along each heavy 
horizontal line. Below these the numbers of legs are given which are in the 
propulsive phase at successive moments throughout the duration of one pace. 
Entries are shown both for different gaits, particulars of which are given on either 
side, and for different numbers of legs employed. The faster gait of Lithobius is 
executed by thirteen pairs of legs only. The fourteenth and fifteenth pairs are held 
close to the ground, although the fourteenth pair may sometimes “ step above the 
substratum to some extent (text-fig. 7a-f). Fig. 8c shows that the gait (6-54 : 3-46) 
at a phase difference of 0-154, when operated by thirteen pairs of legs results in 
mechanical evenness. The footfalls occur at approximately equal time intervals of 
0-038 of a duration of a pace, which is about 0-0034 sec. ; the footfall of the first leg 
is followed by the fourth right, seventh left, tenth right, thirteenth left, third right, 
sixth left, etc. and there are always nine legs in the propulsive phase, and therefore 
every leg bears a similar and constant load. ; 

The fastest gait of Scutigera shown in text-fig. 8b, gait (6-43 : 3-57) at a phase 
difference of 0-143 (see also text-fig. 6f) is just as mechanically uniform as is that of 
Lithobius. It is executed by fourteen pairs of legs, the fifteenth pair being held up 
as backwardly projecting sensory limbs mimicing antennae (fig. 42, Pl. 36). Here 
two legs of the same side are put down simultaneously at time intervals of 0-072 
of the duration of a pace, which is about 0-0057 sec. ; thus the footfalls of left legs 
1 and 8 are followed by right legs 4 and 11, by left legs 7 and 14, by right legs 3 and 10, 
etc., and there are always ten legs in the propulsive phase. Another fast gait which 
is more readily performed and is only slightly slower is shown in text-fig. 8a. It is 
also executed by fourteen pairs of legs, and is almost as mechanically uniform as 
are the two gaits described above. The successive footfalls first left, twelfth right, 
eighth left, fourth right, eleventh right, seventh left, third right, fourteenth left, tenth 
right etc., are mostly at intervals of 0-04 but two are of 0-055 and six of 0-015 of the 
duration of a pace ; that is, at time intervals of 0-004, 0-0045 and 0-0012 sec., and 
ten legs are in the propulsive phase throughout most of the duration of a pace, except 
for two short periods when there are eleven such legs. In these three gaits the angle 
of swing of the leg is near or at its maximum, and this roughly determines the upper 
limit of the phase difference between successive legs (see p. 138), the longer legs in 
Scutigera requiring a smaller phase difference than for Lithobius. 

Slower gaits of Lithobius and of Scutigera are shown in text-fig. 6b and d respectively. 
In both, fourteen pairs of legs are employed. The angle of swing of the leg is less 
than in the faster gaits, and the relative duration of the backstroke is longer. It. 
would therefore be possible for the animal to employ a larger phase difference between 
successive legs than in the faster. gait (it is advantageous to employ as large a phase 
difference as is possible without causing mechanical interference of one leg by another, 
see p. 138). However, for the points ‘x’ and ‘z’ in text-fig. 8g to remain synchronous 
in a gait with a relatively longer backstroke, the phase difference between successive 
legs would have to decrease considerably. The advantage resulting from increasing 
the phase difference actually outweighs that of maintaining the coincidence of ‘x’ 
and ‘z’,} and in the slower gaits of Lithobius and Scutigera the phase difference 
between successive legs increases. The consequent overlap of the propulsive phase 
of right leg 1 and left leg 2 for Lithobius is shown in fig. 8h, and the same condition 
apertains to the slower gaits of Scutigera. In both animals the number of propulsive 
legs at successive moments becomes uneven (see below) 


* The reason for the smaller phase difference between successive legs is the greater length 
of the legs in Scutigera (see p. 138). 


+ If’ x? and ‘z’ remain co-incident, the number of propulsive legs remains as constant as 
possible (see above). 
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Lnthobius shows one principal slow gait (text-fig. 6b) which can also be executed 
by Scutigera, gait (5:5: 4:5) at a phase difference 0-166. The order of footfalls 
during this gait are given in text-fig. 8e. Four or five legs, two or three from each 
side, are put down simultaneously at equal intervals of time (0-16 of the duration 
of a pace, which is about 0-025 sec. taking the pace duration as 0-16 sec.) and the 
numbers of propulsive legs at successive moments changes from 14 to 9 as shown 
in the diagram, so that each leg bears a changing load throughout its backstroke. 

_Scutigera shows another slow gait (text-fig. 6d) with a similar backstroke to the 
— gait (5-5 : 3-4) just described, but a smaller phase difference between successive legs 
(0-154). The order of footfalls at this phase difference has already been described 
for the fast gait of Lithobius (see fig. 8c) but the longer backstroke results in frequently 
changing numbers or propulsive legs (11 to 14, see text-fig. 8c, lowest line) so that: 
again the load on each leg fluctuates during the backstroke. 

The five gaits so far described give an even or nearly even mechanical perform- 
ance. The gaits intermediate between these do not do so. If the two co-incident 
groups of right footfalls 2, 8, 14 and 1, 7, 18, shown in text-fig. 8e are followed through 
the upper diagrams, the progressive decrease in the phase difference between 
successive legs first spreads each group out a little (text-fig. 8d). In fig. 8c the two 
groups unite into an even series with legs 14 and 1 overlapping. In fig. 8b each 
group is further spread, and overlaps so that two footfalls from each group of three 
are coincident, resulting in another type of even series. In fig. 8a, a greater spread. 
of the original groups results in yet another type of overlapping, so that an approxi- 
mately even series results, and although the footfalls do not occur at exactly equal 
intervals, the series is the most even that can be obtained at a phase difference in the 
neighbourhood of 0-135. 

The gaits intermediate between those shown in text-fig. 8e, c, b and @ give a 
much less even performance. One intermediate gait is shown in text-fig. 8d, gait 
(5:5 : 4-5) at a phase difference of 0-160. It only differs from the even gait of fig. 8e 
in a slight decrease in the phase difference, 0-166 becoming 0-160, and this results 
in the footfalls occurring in close groups of four or five, at intervals of 0-02 of the 
duration of a pace, spaced at longer intervals of 0-08 or 0-10 of a pace. The number 
of propulsive legs changes from 11 to 14 in the uneven manner shown. Neither 
Lithobius or Scutigera appear to maintain these intermediate gaits for long, and 
appear to use them only as transitions between the principal gaits during changes of 
speed. One example is shown in fig. 34, Pl. 34, the gait being approximately 
(6-0 : 4-0) and the phase difference 0-160. 

It will be noticed that with a progressive decrease in the relative duration of 
the backstroke (which accompanies increase of speed, see p. 151) the phase difference 
between successive legs in Scutigera changes from 0-154 to 0-135 and then to 0-143, 
in contrast to the Scolopendromorpha where the faster gaits are always associated 
with a change in the phase difference in a constant direction (text-fig. 3a-f). This 
scutigeromorph condition is clearly associated with the choice of a gait which gives 
the most even mechanical performance at the various speeds, and unlike the scolo- 
pendromorph gaits, which form a series presenting even practicability, those of 
Lithobius and Scutigera form a series in which some gaits are more advantageous than 
others. Thus the reluctance of Lithobius to execute its fastest speed by its shortest 
relative duration of the backstroke (fig. 37, Pl. 34) either frequently or for long is 
associated, among other things, with the resultant uneven loading of the legs. Both 
legs of two successive segments are simultaneously off the ground (see p. 143), the 
points ‘x’ and ‘z’ in text-fig. 8g becoming separated and so resulting in uneven 
numbers of propulsive legs. As the animal can no longer control the appearance of 
body undulations at this gait, the limit of speed production along these lines of 


evolution has been reached. 
The gaits of the young eight-legged Lithobius are described in p. 154. 
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‘Changes in the track, and methods of starting wp. ; ae 
i ities i irregular stepping is compensate 
Small irregularities in the track show that irreg ( 
as pepe (see Part 1), and successive strides may not be of even length, as in 


the Scolopendromorpha. 


SCUTIGERA 


TEXtT-FIG. 9. 
Plan of the footprints of Scutigera reproduced in text-fig. 10. 


The numbered rings show the 


footprints of each leg. The lines on the left unite footprints forming conspicuous oblique 
' rows on the track, those of successive propulsive legs lying on one line, and those of succes- 


Sive groups of propulsive legs lying on different lines ( 


with those forming a common mark in the e 


A shorter stride length will bring it horizontal, as in the fast gait of Lithobius. 


The track made by the slower gait of Lithobius is built up as shown in text-fig, 
7h-n, the footprints on one stride length of the track being shown in text-fig. To. 
The pattern corresponds closely to the track shown in text-fig. lla. A slight 
decrease or increase in the relative duration of the backstroke from 4-5 to 4-1 or 4:7 
will alter the stride and speed and re-arrange the footprints as shown respectively 
in text-fig. 7p and q. The three groups of footprints per stride length of track in 


see text-fig. 2). On the right the 


dotted lines unite footprints of each ‘ set’ (see p. 139), marked pace 1, pace 2, etc., no one 
“set? being complete because of its great length ; each ‘set’ of footprints corresponds 
pimorphic Chilopoda (text-fig. la). The dotted 


line ‘L’ through footprints 11, 7 and 3, will slope differently according to the stride length. 


a SCUTIGER b 


Fia. 9a, track of Scutigera coleoptrata, 22 mm., performing the fast 


eA 


<« ‘tm, 


e 


LITHOBIUS 


Text-ric. 10. 

(6:35 : 3-65) gait, see text-figs. 
2 and 6e, and fig. 43, Pl. 36, but at a smaller magnification (1-3) than on Pl. 36. 
The footprints of the Ist and 14th legs are marked, and every footprint can be identified. 
One complete ‘ oblique line’ is seen on the right between the uppermost footmark 1 and 
the lower footmark 14, and two complete ‘ oblique lines’ lie on the left between the two 
upper footmarks 1 and the two lower footmarks 14. A plan of the track is shown in text-fig. 9. 
Fig. 6 shows the track of Lithobius forficatus starting from a stationary position after the 


animal was dropped on to soot paper, forming the bottom left hand mark. The track shows 


the uniform employment of the fast gait, compare text-figs. 11b and ¢, achieving a fast speed 


as is indicated by the median smudges made by the body. 
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fig. 7q is seen in the photograph of the animal and its tracks in fig. 38, Pl. 38; the speed 
was slower here than in the animal making the tracks in text-fig. lla. Speeds of 
40 to 90 mm.p.sec. by a 25 mm. animal are given by this type of gait at different 
pace durations. The antennae touch the ground at intervals during the slower 
speeds (see text-fig. lla). me 

The faster gaits of Lithobius show some variations in the tracks. Four common 
footmarks are made on each stride length of track as shown in text-figs. 16 and 7g, 
but these marks are not always the same distance apart. The majority of fast runs 
under experimental conditions are of the type shown in text-fig. 110, the stride length 
is longer than in the slow gaits (text-fig. 1la), and each footmark is longer taking an 
inward and a forward curl which is made by the lifting of the leg. The animal 
making these tracks shows slight lateral undulations, as in figs. 35 and 36, Pl. 34, 
Faster runs form tracks as in text-fig. lle. They resemble text-fig. 11b in general 
form, but the common marks are further apart, and each footmark shows a more 
pronounced flourish. The animal making these tracks shows marked lateral 
undulations and a greater angle of swing of the leg (causing the footmark flourishes), 
almost as great as in fig. 37, Pl. 34. There is little other change in the gait. Here, 
as in the fast gaits of the Scolopendromorpha, the body touches the ground as shown 
by the median smudge in text-fig. lle. At the fastest speeds (and at other times if 
the animal is harassed) the grouped footprints may spread out, because the increase 
of speed (due to an increase in the angle of swing of the leg and a slight decrease 
in the duration of the backstroke) is not compensated for by a change in the phase 
difference between successive legs. Thus the footprint of right leg 9 seen on text-fig. 1b 
is no longer put by the footprint of right leg 5, but in front of it. This muddled 
type of track has not been reproduced here, but is formed by an animal running 
as in fig. 37, Pl. 24, where left leg 10 will clearly be put down in front of the footmark 
left by left leg 6. The tracks of Lithobius give proof that the fastest speeds are 
achieved largely by an increase in the angle of swing of the leg without much change 
in the gait, a conclusion confirmed by numerical calculations. 

The tracks of Scutigera (text-fig. 10a) show that the distances between the 
footmarks on the oblique lines (left side of text-fig. 9) change very little in the several 
gaits owing to the reduction in the phase difference between successive legs which 
takes place as the angle of swing of the leg increases and the relative duration of the 
backstroke decreases*. The stride length changes considerably, 20 to 36 mm. in an 
animal 22 mm. long, so that footprint 14 may lie level with footprint 10 in the fastest 
gait, and behind footprint 12 in a slow gait. 

When accelerating from a stationary position, the Scolopendromorpha gradually 
change their gait as well as the pace duration (see p. 128). Lithobius, on the contrary, 
is capable of starting up in its fastest gait, as is shown by text-fig. 106, in which 
marks (bottom left side) shows where an animal was dropped, and the whole of the 
succeeding track resembles that of text-fig. 11c, the fast gait track. 


The duration of the pace, the pattern of the gait, the angle of swing of the leg and the 
resultant speed. 


The general remarks made on p. 132 concerning the series of gaits and speeds of 
the epimorphic Chilopoda are also applicable here. For the purposes of comparison 
between species, sizes of animals are chosen as before which show the same segment 
volume, and therefore approximately the same loading of the legs (see Part 2, p. 96). 
The data concerning speeds and stride lengths given here are those for a Lithobius 
25mm. and a Scutigera 22 mm. in length (as shown in text-figs. 1b and 2), which 
are comparable with a Cryptops of 38 mm. length. In addition to changes in the 
pattern of the gait and in the pace duration, changes in the angle of swing of the leg 
here influence the speed, unlike the Epimorpha where the nature of the gait necessi 
tates an almost constant angle of swing of the leg. The speed and pattern of the 


* This reduction maintains the dis 


osition of the 1] hich i i i i 
(este! issand 146 9) © legs which is least liable to give stumbling 
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gait and the duration of the pace can be directly recorded for ea i im 
ae ne ee of swing of the leg cannot be Reid Tn enone “The 
es a a ene ee ae of swing of the leg can, however, readily be calculated. 
n be compared, the contributions made to the observed increase 
of speed by the observed decrease of the pace duration and change in the relative 
duration of the backstroke can be calculated and subtracted from the observed 
merease in speed. The resultant figure gives the increase in the speed due to an 
Increase in the angle of swing of the leg. Reference to Part 2, table 1, shows that 
an increase in the angle of swing of the leg contributes 45% of the increase of speed. 
from 40 to 280 mm.p.sec. for Lithobius, and 46% of the increase from 125 to 420 
mm.p.sec. for Scutigera. The effects of changes in the pace duration over these speed 
ranges are smaller than in the Scolopendromorpha (see Part 2, table 1, column 1, 
Cryptops) and, as in this group, decrease in importance as the speeds increase. Cryptops 
shows contributions of 94, 85 and 82%, and Lithobius 73, 67 and 31%, to the speed 
Increases over the given ranges. Over the middle range of speed, Lithobius shows 
no change in the angle of swing of the leg, the gait here changing from the slow to 
the fast type (see columns 2 and 3 of table 1, Part 2). The fastest speeds are achieved 
largely by an increase in the angle of swing of the leg, very little change of gait occurs 
(compare figs. 36 and 37, Pl. 34, and see pp. 143 and 150), and the contributions pro- 
vided by a decrease of the pace duration are considerable, as seen in the entries 
for the speeds of 184 to 280 mm.p.sec (table 1, Part 2). ; 

The fastest speed fully recorded for Lithobius was 280 mm.p.sec. at a pace 
duration of 0-075 sec.t by a gait of the fast pattern (fig. 37, Pl. 34) accompanied 
by marked undulations of the body and a stride of 21mm. (i.e. greater than in 
text-fig. llc). The animal can certainly further reduce this pace duration and 
increase the speed, but it does not appreciably alter the gait. It will be noted 
that this pace duration is about twice as long as the shortest one performed by the 
Scolopendromorpha, a feature doubtless correlated with the longer legs of the 
Lithobiomorpha. Although a faster record (290 mm.p.sec., see p. 134) was obtained 
for Cryptops, the speeds most readily executed by both Cryptops and Cormocephalus 
are slower than those of Lithobius. Speeds of 100 to 140 mm.p.sec. are given by 
the fast gait of Lithobius without conspicuous body undulations (fig. 35, Pl. 34) at 
pace durations of 0-15 to 0-13 sec. but the speeds at which undulations appear seem 
to vary from one individual to another and possibly with temperature ; the stride 
length is then 16 to 19 mm. again varying individually (see text-fig. 116). 

Between speeds of about 80 and 100 mm.p.sec. the pattern of the gait of Lithobius 
changes, and below 80 mm.p.sec. the slower type of gait (5-5: 4:5) is used at pace 
durations of 0-17 to 0-2 sec. or more, the stride becoming 14 to 12:5 mm. (see text-figs. — 
lla and 7o, p and q). 

The Scutigeromorpha are the most nimble of the Myriapoda. The fastest speed 
fully recorded for Scutigera, 22 mm. was about 420 mm.p.sec. at a pace duration of 
0-08 sec. by a gait of the (6-35:3-65) pattern with a stride length of 33 mm. (fig. 48, 
Pl. 6), but faster speeds by the (6-43: 3-57) gait (see text-fig. 6f) and a stride of about 
36 mm. can also be performed. The pace duration of Scutigera is usually a little longer 
than in Lithobius, owing doubtless to the longer leg. 

Between speeds of 220 and 420 mm.p.sec. in Scutigera there is little change in 
gait (text-fig. 6c, and fig. 43, Pl. 36), the tracks all show the level of the fourteenth 
footprint lying in between those of the tenth and eleventh legs (text-figs. 9 and 10a). 
The pace duration decreases from 0-08 and 0-14 sec. and the stride shortens to about 
32 mm. 

Below 200 mm.p.sec. the gait of Scutigera changes to the slower types (5:5 : 4:5) 
seen in text-fig. 6b and d, and fig. 44, Pl. 36; and between 200 and 125 mm.p.sec. 
the pace duration increases from 0-14 and 0-16 sec. and the stride shortens to 21 mm. 


* By either cinematography, or still photography combined with the recording of footprints. 
+ The shortest pace duration recorded by Holst (1934 a) is 0-15 sec. The fastest speeds are 
only obtainable once or twice from newly caught ‘ untamed ? animals. 
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MoRPHOLOGICAL FEATURES CORRELATED WITH THE GAITS: THE NUMBER 
OF LEGS USED AND THE NUMBER AND SHAPE OF THE BODY SEGMENTS. 


The number of legs employed in the several gaits of Lithobius and Scutigera 
is clearly correlated with the maintenance of even loads upon the legs at all moments, 
the footfalls occurring at even intervals (see p. 143). Fourteen pairs of legs are 
needed to effect this in the fast gaits of Scutigera (text-fig. 8a and b, p. 146), while 
only thirteen pairs are needed for the fast gait of Lithobius (text-fig. 8c, p. 146) ; 
if the fourteenth pair was used by Lithobius it would introduce uneven loading of 
the legs, as would the utilization of the fifteenth pair by Scutegera. It is shown 
in the next section that this even gait of the adult cannot be performed by the young 
with a smaller number of legs. In the slower gait of Lithobius (text-fig. 8e) even 
loading of the legs is impossible. If fourteen pairs of legs are used, the numbers of 
propulsive legs at different moments varies from 9 to 14, and if thirteen pairs of legs 
were used, it would vary from 8 to 13. There is thus no mechanical advantage in 
using only thirteen pairs of legs in this gait, and the animal is usually found to employ 
all fourteen pairs ; the footprints of the fourteenth legs are clearly seen in fig. 38, 
Pl. 38. When walking slowly the first pair of legs in Lithobius and possibly also in 
Scutigera are not used when the head is being cast to the right and left (see p. 119). 
The Scolopendromorpha also omit to use the first few pairs under similar circum- 
stances (p. 137). In the faster gaits the first pair of legs are clearly in use in the 
photographs shown in figs. 34-37, Pl. 34 (Foxon, 1936, states that these legs are not 
used for walking). The fifteenth pair of legs are sensory in both Lithobius and 
Scutigera. In Lithobius they are also useful as hooked holdfasts when going over 
precipices ; but in Scutigera they appear to be antenna-like in function, and are held 
high off the ground, the basal joints rising vertically from the body (fig. 42, Pl. 36). 

Since there are no full-sized body segments which lack limbs in Lithobius and 
Scutigera, the number of segments in the body is as closely bound up with the 
locomotory mechanisms employed as is the number of legs. The advantages resulting 
from the possession by one animal of legs of different lengths have been considered on 
p. 136 for the Scolopendromorpha. In the Lithobiomorpha and Scutigeromorpha 
the crossing of the legs in the recovery phase is facilitated by their differential length, 
a longer posterior leg crossing over a shorter anterior one. In Scutigera, the differential 
length contributes also to prevent interference between successive groups of 
propulsive legs (see text-fig. 2), each group lying at progressively greater distances 
from the body. 

Since the difference in length of successive legs is small, their crossing in the 
recovery phase will be facilitated if the legs are situated close together rather than 
far apart. The body segments of Lithobius are shorter than are those of most Scolo- 
pendromorpha (compare the distances between the sternite joints, dotted lines, in 
text-figs. la and 6), and those of the Scutigeromorpha are shorter still (text-fig. 2). 
It is suggested that these shapes facilitate the crossing of the legs, the shorter 
segments of Scutigera being correlated with the larger number of momentarily 
superimposed legs in this long limbed creature (compare text-figs. 1b and 2). It will 
be noted that a shortening of a segment is also found in burrowing Geophilomorpha 
and in Diplopoda, but for different functional reasons in each case (see pp. 121 and 
135 and Part 2, p. 109). 

The shapes of the segments of Lithobius and Scutigera in relation to the undulations 
of the body has already been considered (p. 137). The greater tendency to undulate 
is counteracted by tergites of more markedly alternate lengths in Lithobius than 
in the Scolopendromorpha, and culminates in the small number of large tergites 
the middle one being the largest, in Scutigera. ’ 


EFFECTS OF INJURIES ON THE GaIrTs. 


Several of the animals which have been photographed lacked one or two legs 
and although a study of the effects of limb amputation has not been a primary Spice 
of the present work, the effects of these injuries will be noted since the Chilopoda 


Trext-Fig. 11. 


Tracks made by Lithobius 25 mm. at the same magnification (x 3-1) as used for Pls. 34 and 35, 
progressing by different gaits. The black spots are one stride length apart. Fig. a, the 
slow gait (5:5 : 4-5), phase difference between successive legs 0-16, stride 14 mm.., see text-fig. 


7o and p, speed approx. 80mm.p.sec. Fig. b, the fast gait (6-54: 3-46), phase difference 
between successive legs 0-154, no body undulations, stride 17 mm., see text-fig. 7g speed 
approx. 120 mm.p.sec. Fig. c, the fast gait (6-54 : 3-46) approx., phase difference between 
successive legs near 0-154, but with an increased angle of swing of the leg, and marked body 
undulations, stride 19 mm. (in between figs. 36 and 37, Pl. 34), speed approx. 200 mm.p.sec. 
The footmarks of left legs 11, 7 and 3 are marked in one place so that the neighbouring 


footprints can be identified (see text-fig. 1b). ae 
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contrast with the Onychophora in this respect. The Lithobius forficatus shown in 
fig. 36, Pl. 34 lacked the right fourteenth leg and the Lithobius variegatus in figs. 38 
and 39 lacked left leg 1 and right leg 6. A comparison of fig. 38 with text-figs. 
6b and 7h and of fig. 39 with a mirror image of text-fig. 7m shows that the missing 
limbs produce no major change in the disposition of the legs behind them. In 
Peripatus, on the contrary, the immobilization of one leg causes an alteration in 
the stepping of all the more posterior legs on the same side of the body (Part I, 
p. 548 and text-fig. 4) so that the phase difference between successive functional 
legs on that side remains uniform. In Lzthobius it is the transverse co-ordination 
between the legs which is maintained, and this is doubtless desirable for gaits which 
must be executed with great precision. 


THE LOCOMOTION OF THE YOUNG STAGES OF LITHOBIUS. 


The young of the anamorphic Chilopoda leave the egg with seven pairs of legs, 
further pairs being added at subsequent moults. The young of Lithobius execute 
only the slower types of gait. A stage 7mm. long is shown in fig. 32, Pl. 34 (the 
magnification being twice that of the adults shown on this plate). It possesses 
the full number of legs, but the last two or three pairs are little used. The gait is 
similar to the slower type performed by the adult (see text-fig. 6b and fig. 38, Pl. 35). 
The second instar, 4 mm. long with eight legs, is shown in fig. 33, Pl. 34, at the same 
magnification as fig. 32. All legs are locomotory, and the fields of movement of the 
anterior and posterior legs are spread out as far as possible, note the left eighth leg 
in fig. 33. The gait is shown in text-fig. 6a, the forward and backstrokes are of 
equal duration (5:0: 5-0) and the phase difference between successive legs (0-25) 
is larger than in the stage with fifteen legs, and results in successive groups of two 
instead of groups of three legs being on and off the ground. Common footprints 
are formed by legs 1, 3, 5 and 7 which alternate with those formed by legs 2, 4, 6 
and 8. The pace duration is >0-12 sec., giving a maximum recorded speed of 
26 mm.p.sec. and a stride of 3-2mm. The load on the legs is constant because 
the forward and backstrokes are equal. If the data are scaled to the same segment 
volume as the adult (see p. 150), it is found that the second instar achieves a greater 
speed from this gait than does the adult from the (5:5: 4:5) gait (148 compared 
with 100 mm.p.sec.) and that its stride is slightly longer (17 mm. compared with 
15mm.). This means that the second instar extracts the maximum speed out of a 
slower type of gait by employing a large angle of swing of the leg, rather than by 
using a gait of a faster pattern which would result in uneven loading of the eight 
pairs of legs. 

_ The adult Lithobius does not continue the use of the gait employed by the second 
instar because increased speed and the maintenance of even leg loading can now be 
achieved by decreasing the relative duration of the backstroke, since the leg number 
has been increased. A phase difference of 0-25 would result in seven to fourteen 
legs being propulsive at different times, and it is consequently reduced (see text-fig. 6) 
Even loading of the legs combined with an increase of speed by decreasing the relative 
duration of the backstroke cannot be achieved with only eight pairs of legs, but 
can be effected when a sufficiency of limbs can be used. It may be noted that other 
animals achieve fast speeds by employing the gait of the young Lithobius, for 
example, a 20mm. Ligia reaches 420 mm.p.sec. in air (see a subsequent Part) 
but even loading of the legs is maintained by the employment of the (5-0 : 5:0) pattern 
of gait, and speed is achieved by a much longer stride and a shorter pace duration 
physiological feats which are impossible to the Lithobiomorpha. 


THE Locomotory Mrcuanism anp Bopy Form OF THE PauRopopa. 


All stages of Pauropus gracilis Hansen have been examined. Th i 
: e 
were collected from soft decaying wood near Bristol by Dr. H. Hinton. The wae 
0:40-0:53 mm. in length are smaller than the previously described specimens of 
this species from Italy and Germany (Hansen, 1902) which measured 0:55-0:72 mm. 
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in length. Pauropus normally lives under very uniform and draught free conditions. 
The animals are difficult to handle for the purposes of this investigation because 
they can withstand incorrect humidities, bright lights ete. for a matter of seconds only. 

Pauropus stands up on its short legs to a greater extent than do the majority 
of Arthropoda (see Part 2, p. 97 and text-fig. 1, and Tiegs, 1947, text-fig. 24), and 
very slight air movements cause the animal to blow over sideways. This lack of 
stability is not disadvantageous to the creature as it is normally not exposed to 
air movements. The animal, at its fastest, runs in rapid darts separated by pauses 
about every half second, giving a maximum speed when running of the order of 
3—4 mm.p.sec. and a pace duration of about 0-2-0-25 sec. The pauses may be longer 


PAUROPUS 


Relative durations of forward and back strokes. 
4-0:6-0 || 6-6:3-4 | 7-5:2:5 


Phase difference between successive legs. 


2nd instar 
2nd instar st instar || 4th instar = adult adult 


a b c 
Text-ric. 12. 

The range of gaits shown by Pauropus increasing in speed from left to right. The stepping 
movements of a series of legs are shown progressing from left to right, the number drawn 
corresponding with the legs present in the several instars. The heavy lines denote legs 
in the propulsive backstroke and the thin lines show legs in the recovery phase (as in text- 
figs. 3 and 6). The lower diagrams show the positions of the legs on the two sides of the 
body at the moment indicated by the vertical dotted lines, spaced half a pace duration apart, 
which correspond with figs. 21-26, Pl. 32, and marked here ‘f21’ to ‘f26’. The two lower 
diagrams in fig. 12c illustrate the similarities and differences between this gait and those of 
the epimorphia Chilopoda (see text-figs. 3b and /). 


and the speed less. The still photographs on Pl. 32 show the first, second and fourth 
instars and the adult magnified x70 running across a damp chamber and viewed 
by transmitted light, the white animal appearing as a silhouette. The legs in contact 
with the ground are downwardly directed and appear short, they are marked by dots. 
The legs which are apparently the longest are off the ground, projecting directly 
outwards. As in the anamorphic Lithobiomorpha, the younger instars execute only 
the slower gaits, while the adult can execute both faster and slower gaits. The gaits 
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performed by Pauropus are shown in text-fig. 12, ‘21 ’—‘£26° indicating approxi- 
mately the gaits shown in figs. 21-26 on Pl. 32. Only one set of zigzag lines is drawn 
for each gait, as on text-fig. 1, and the simultaneous positions of the legs on the two 
sides of the body are shown by the paired vertical dotted lines, spaced half a pace 
duration apart, which converge on to the lower diagrams ; the heavy lines as before 
denote legs in the propulsive phase, and the thin lines legs in the recovery phase. 

The fields of movement of the anterior and posterior pairs of legs of Pauropus 
are swung respectively forwards and backwards, as in the Chilopoda (p. 140, and 
Part 2, text-figs. 2 and 3), and allowance for this must be made in comparing the 
diagrams in text-fig. 12 with the photographs on Pl. 32. The gaits of Pauropus 
show a basic similarity to the gaits of the epimorphic Chilopoda. They differ from 
those seen in the Geophilomorpha (text-figs. 3a—b) in the more rapid transference 
of the weight from one leg to the next behind it, the change being practically 
simultaneous. 

The gait of the first instar with three pairs of legs is seen in text-fig. 12a ‘ £21,” 
and figs. 21 and 22, Pl. 32 show two larvae of different sizes, but with their legs in 
almost the same positions. The backstroke is a little longer than the forward stroke 
(4:0 : 6-0) and three or four legs are propulsive at successive moments. A closely 
similar gait is found in many hexpodous Arthropoda, such as the first stage of the 
Diplopoda, many insects and Apterygota, but as other ways of walking with six 
legs are practised by some Arthropoda, this similarity cannot be entirely due to 
the possession of only three pairs of legs (see a subsequent Part). In the epimorphic 
Chilopoda the gait may be as slow as (4:5: 5-5), but the phase difference between 
successive legs is always >0-5 and not as small as 0-42. 

The second instar with five pairs of legs can utilize exactly the same gait as the 
one just described (see text-fig. 12a ‘£24’ and fig. 24, Pl. 32). It can also shorten 
the relative duration of the backstroke and increase the phase difference between 
successive legs, as seen in text-fig. 12b ‘£23’ and fig. 23, Pl. 32, doubtless resulting. 
in an increase in speed. 

Succeeding instars have not been recorded performing the slower gait (text-fig.. 
12a), the third and fourth instars showing the gait just described (text-fig. 12b). 
A fourth instar is shown in fig. 25, Pl. 32 and its gait in text-fig. 120, ‘ £25’. 

The adults perform the gait shown in text-figs. 12b and c, ‘£26’ approximately 
corresponding with fig. 26, Pl. 32. The right first leg is on the ground in fig. 26, 
but off it in text-fig. 12c. This leg may have been put on the ground prematurely, 
either because of an incipient turn to the right, or because the animal was decreasing 
its speed and passing into the slower gait (compare the lower diagrams in text-fig. 
126 and c). 

The gaits of Pauropus show an increasing phase difference between successive: 
legs as the relative duration of the backstroke decreases and the speed increases 
as occurs in most other groups of Arthropoda (see pp. 132 and 151, and Part 2. table 1). 
The ability of Pauropus to effect an almost simultaneous change in foothold by legs. 
‘n’ and ‘n+l’ results in smaller phase differences between successive legs being 
employed in the several gaits than in the epimorphic Chilopoda (compare text-figs 
3 and 12). This doubtless contributes to the instability of the animal, but owing. 
to the nature of the environment, the animal does not have to withstand draughts, 
and this instability is no great disadvantage. The instability caused by a simul- 
taneous transfer of weight from leg to leg is compensated for by the consequent. 
ability to execute a backstroke as short, relatively, as in the Scolopendromorpha, but 
without entailing the great difficulties arising from successive propulsive le 3. 
being so far apart (compare text-figs. 3f and 12c, and see p. 128), and no ated 
undulations of the body appear. In Pauropus there is no moment in the fast gait 
with more than two or three propulsive legs on each side (text-fig. 12c, upper el 
lower diagrams), every fourth leg being in a propulsive phase ; in the Epimorpha. 


every fourth leg is propulsive at one moment in the gait shown in text-fig. 3b, but. 


at other moments twice this number or legs are on the ground (see left hand lower- 
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diagrams on text-fig. 3b). The work of Tiegs (1947, text-figs. 22, 24 and 25) has 
shown that the tergal shields develop from trunk segments 2, 3, 5, 7, 9 and 11, 
much as in the anamorphic Chilopoda, and that muscles run obliquely through 
as many as three segments to become attached to these shields. Such arrangements 
must provide an effective anti-undulatory mechanism here as in the Chilopoda 
(see p. 137). 

The body segments of Pawropus are slightly wider and shorter than they are in 
Lathobius, but less so than in Scutigera, and lack the length which characterizes the 
epimorphic Chilopoda, a length which has been shown to be correlated with the 
types of gait employed. The short segment in Pauropus gracilis is more marked in 
some other species (see Pauropus silvaticus Tiegs, 1947, text-fig. 24), and must aid 
in resisting lateral undulations. Such a shortening would not be practicable to most 
epimorphic Chilopoda*, but is possible for the Pauropoda because of the simultaneous 
transfer of weight from leg to leg ; several legs do not occupy the same footprint 
simultaneously, and so the difficulties of the epimorphic Chilopoda in avoiding a 
crossing of propulsive limb tips do not arise, and a shortening of the segment therefore 
can take place. Similarly there is no tendency for the body to sag on to the 
substratum in a (7-5 : 2-5) gait as there is in the Chilopoda, since the propulsive legs 
are not more than four segments apart, and the segments are short. 

Pauropus gives the appearance of considerable agility compared with other 
small Arthropoda living in the same environment. The pace duration of about 
0-2-0-25 sec. is of the same order as in the slower gaits of the epimorphic Chilopoda 
(compare table 1), and contrasts with the more rapid step of the fast gaits of the 
Scolopendromorpha where the pace duration is often less than0-04 sec. Itis uncertain 
whether comparison should be drawn between the speeds of animals as unlike in 
size as Pauropus and the Chilopoda, but if Pauropus is scaled to the same segment 
volume (see p. 132) as the Chilopoda shown in text-figs. 1 and 2, its speed would not 
exceed 120 mm.p.sec. This is a much smaller speed than the 280 to 290 mm.p.sec. 
achieved by Cryptops and Lithobius with longer relative durations of the backstroke, 
but it is greater than the speeds of the slower gaits of the epi- and anamorphic Chilo- 
poda, exhibiting a similar phase difference between successive legs, shown in the 
right hand column of table 1. This performance is accounted for by the pace 
duration being slightly less and the backstroke relatively shorter than in the slower 
chilopod gaits. : ; 

Thus the locomotory mechanism in Pauropus is not far removed from a type 
shown also by the epimorphic Chilopoda. A backstroke of short duration has been 
made possible by an ability to transfer the weight instantly from one leg to the 
next. The small size of the animal may have facilitated this latter feature, which 
is also shown by some hexpodous Arthropoda, but in them the associated lack of 
stability has been overcome by the hanging stance and the clawed foot (see Part 2, 
Forficula on text-fig. 1 and pp. 97 and 112, and a subsequent Part). Lastly the 
morphological specializations which completely control the tendency towards 
undulations are as marked as those of the anamorphic Chilopoda. 


Tae EvoLutTion oF THE Bopy Forms anp LocomoToRY MECHANISMS OF 
THE CHILOPODA AND PAUROPODA. 


idence concerning the phylogeny of the Chilopoda is uncertain as it is 
for Bie ane pronase As ee ago as 1845 Newport suggested that the short 
bodied Chilopoda came from longer bodied ancestors. The view that a large 
number of segments and epimorphic development is the more primitive condition 
has been upheld by Attems (1926), Brélemann (1932) and others, while the contrary 
opinion that a small number of segments and anamorphic development is the more 
primitive has been supported by Verhoeff (1902-25), Tillyard (1930) and Fahlander 
(1938). Attems (1926) points out that the four groups of Chilopoda must have 


* Because it would reduce the angle of swing of the leg and therefore the speed, since two 
or three legs simultaneously occupy one footprint. 
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eparately, although the Geophilomorpha today appear closest to the 
ibaiees oe He SIE the view of Haase (1881) that the Chilopoda must 
first have separated into the Epimorpha (with the young hatching as miniature 
adults) and Anamorpha (which leave the egg with only seven pairs of walking legs), 
and that the Scutigermorpha later separated from the less specialized Lithobiomorpha, 
as did the Scolopendromorpha from the Geophilomorpha. — Verhéeff on the other 
hand considered the Scutigeromorpha to be the most primitive, the Lithobiomorpha 
to be more primitive than the Scolopendromorpha and the Geophilomorpha to be 
the most specialized. Fahlander (1938) reviews the several theories and finds 
particular support for Verhdeff’s views in the form of the eye, the glands of the head, 
and in the structure of the maxilla and maxillipede ete. A short consideration of the 
influence of habitation on the morphology of the Chilopoda is given by Giliarov 
(1948). He agrees with those who suppose that the surface running Chilopoda show 
progressive specialization in a contrary direction from a primitive geophilomorph 
condition associated with soil burrowing. Although Giliarov brings forward no new 
evidence, his point of view accords with that of the work here recorded in emphasizing 
the importance of habits of life in connection with chilopodan evolution. 

The present study provides substantial support for the view of Attems and 
Brélemann, and the evidence for the theories of Verhoeft and Fahlander appears to 
be open to alternative interpretation. It has been demonstrated how closely the 
habits of the animals are associated both with their gaits and with the evolution of 
morphological features which make possible the execution of their gaits, and many 
of these features are, moreover, the diagnostic characters of the larger groups. 

It has been shown above that the gaits performed by the Geophilomorpha and 
Scolopendromorpha are of the same basic type (text-fig. 3). This could have been 
evolved from a gait such as the ‘middle gear’ gait of a soft bodied ancestor, as seen 
in Peripatus (see Part 1, text-fig. 6), by the adoption of the method of stepping in 
which.a leg is put down just before the leg in front is raised instead of after (see Part 2, 
p- 102), and by a further shortening of the relative duration of the backstroke. The 
gaits of the Lithobiomorpha and Scutigeromorpha are essentially similar and 
entirely unlike those of the epimorphic Chilopoda, and are further developments 
of the type of gait shown by the ‘top gear’ of Peripatus. The gait is little altered, 
see text-figs. 6 and 7 and Part 1 text-fig. 6, p. 554, but the length of the leg is greatly 
increased and the pace duration decreased. The evolution from a soft bodied 
ancestor of striated muscle, a rigid integument and narrow pointed limbs has enabled 
the method of stepping to be altered as in the epimorphic Chilopoda, and has made 
possible an increase in the length of the leg (see Part 2, p. 99) and a quickening of 
the pace (that of Peripatus being about 0-7 sec.), all features associated with the ability 
to run faster. 

The gaits of the Epimorpha and Anamorpha are closely bound up with the 
animals’ morphology, and in both great speeds have been achieved, but by different 
means ; the Scolopendromorpha quicken the pace to 0-038 sec. or less and the 
backstroke to 0-009 sec. The longer legged Anamorpha decrease the pace duration 
to about 0-07 sec. and utilize the fastest and most mechanically even gaits to be 
found in the Myriapoda. The Geophilomorpha, on the other hand, have attained 
proficience in burrowing and do not rely on fast speeds. The separation of the 
Epimorpha and Anamorpha must have taken place at an early stage as envisaged 
by Attems, probably not far removed from a soft bodied ancestor. After this, 
the mutually exclusive locomotory mechanisms and associated morphology of the 
two groups must have been elaborated independently. 


Epimorpha (Geophilomorpha and Scolopendromorpha). 


The Geophilomorpha and Scolopendromorpha utilize the same types of gait but 
for different purposes and in different ways. The presence of small intercalary 
sternites and tergites in the Scolopendromorpha probably indicates their presence 
in the ancestral Epimorpha, where they may have been associated with a tendency 
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to burrow actively by body movements (see p. 120 as well a isting 
cracks. The further evolution of such sy Aaa tae RAS Rar 3 
an improvement in the burrowing mechanism in the Geophilomorpha and with 
the development of fast running in the Scolopendromorpha, which hide under loose 
material but do not burrow actively or deeply. Different morphological features 
meet the locomotory requirements in the two groups, and neither group today 
can be regarded as primitive. An animal roughly resembling a geophilomorph 
ee ane 2 pie one of segments (about 30 to 35), and feebler powers of telescoping 
Pees ‘ a * retching the pleural region would have the potentiality of developing 
The Geophilomorpha have specialized in the ability to choose an ir 
footholds (p. 130), and to burrow by the A faerie method of batons a * 
the active pressing on the soil being done by longitudinal contraction and widening 
of a segment (p. 120). The primitive flexibility in the length of the metachronal 
waves passing along the body at one moment (see Peripatus) is here exploited to: 
meet the former need (p. 131) ; and the powerful longitudinal muscles, the sliding 
tergites and intercalary tergites, and the nature of the pleural region meets the 
latter requirements (p. 120). The shortness of the legs (which are longer than those 
of Peripatus) may be a persistent primitive character, retained for the burrowing 
habit, and they are moved through a large angle of swing so compensating for their 
shortness (p. 136) ; the legs in most other groups of Arthropoda have become longer. 
Different Geophilomorpha possess from 31 to 177 leg bearing segments. It has 
been shown (p. 121) that a shortening of the segment and an increase in their number 
must increase the efficience of the burrowing mechanism. There are few records 
of the actual habitats of the described species of Geophilomorpha, but the long 
bodied Stigmatogaster subterranea and Himantarium gabrielis both burrow more 
deeply than the shorter British species. Since there appears to be no locomotory 
advantage to be gained by a long bodied geophilomorph becoming shorter, it is 
here suggested that a secondary increase in length within the group has occurred 
from a number of the order shown by the shorter forms, a number which may also 
have characterized the ancestors of the other groups of Chilopoda (see below). 
The evolution of the Scolopendromorpha appears always to have been associated 
with a striving after speed. Fast gaits are here possible in which the relative duration 
of the backstroke is shorter than in most other Arthropoda (7-5 : 2:5) and a minimal 
duration of the propulsive backstroke being less than 0-01 sec. (see p. 134). The body 
may momentarily be supported by only two or three legs on each side, but excessive 
sagging of the body between these widely separated propulsive legs can be prevented 
(p. 128). Alternate sized tergites appear to contribute an anti-undulation mechanism 
which becomes necessary as the legs increase in length and the gait becomes faster 
(p. 137). A maximum stride is facilitated by the successive legs being of differential 
length (p. 136), this is only possible if the number of leg-bearing segments is moderate 
and not large; twenty-five or twenty-seven are present in different members of the 
group, and such a number could have arisen from a common ancestor of the epimorphic 
and anamorphic Chilopoda (see above). These scolopendromorph achievements have 
been made at the expense of the primitive flexibility of locomotory movements 
present in the Onychophora and exploited in relation to the burrowing habit in the 
Geophilomorpha. The scolopendromorph gaits are performed with greater regularity 
than in the Geophilomorpha, but little choice of footholds is possible (see p. 131). 


Anamorpha (Lithiobiomorpha and Scutigeromorpha). 

Both groups of anamorphic Chilopoda move swiftly and are able to catch fast 
running prey, a Scutigera of 22 mm. length achieving 500 mm.p.sec. The absence 
of intercalary sclerites may indicate that the ancestral Anamorpha lacked all 
burrowing tendencies, and any inclination towards a telescoping of the body, in 
contrast to the ancestral Epimorpha (see above). Attems (1926) appreciated a 
correlation between a longitudinal compression of the body and the manifestation 


12* 
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of agility, but made no further comment. It has been shown above how structural 
features enable the mechanically perfect gaits of the Anamorpha to be performed. 
These features are :—the restriction in number of leg bearing segments, thirteen or 
fourteen of the fifteen pairs of legs being used for running, and all legs carry constant 
loads (pp. 146 and 152) ; the elongation of the legs giving a longer stride (see text-figs. 
1 and 2); the differential length of the legs and a shortening of the segments (p. 152) 
which allows an easy overstepping of one leg by the next ; the alternation of tergite 
size and their fusion as in Scutigera, which restricts or prevents the appearance of 
lateral undulations of the body (p. 137); the enlarged coxal regions which house 
musculature which operates the long legs (p. 135); the termination of the leg in 
Scutigera where many joints and spines grip the substratum instead of one or two, 
as in other Chilopoda, so providing an adequate grip to counteract the leverage 
exerted by such long legs (Part 2, p. 112). 

The Scutigeromorpha differ from all other Chilopoda in the possession of compound. 
eyes and dorsal stigmata, and presumably the blood instead of the tracheae is here 
used to transport respiratory gases from the dorsally situated tracheae to the 
tissues. It is probable that these features also contribute to the nimbleness of the 
group. The visual requirements of a fast running animal may necessitate a different 
eye from that of slower Chilopoda ; and the moving of a long leg through a large 
angle of swing in less than 0-08 sec. must require a high level of physiological efficiency. 
It would be of interest to know if the respiratory system of Scutigera is more rapid 
in its action than that of the tracheal supply of other Chilopoda. The greater 
complexity of the maxillary gland (which is probably excretory)* in Scutigera (see 
Fahlander, 1938) is also suggestive of an ability for more rapid removal of waste 
in Scutigera than in other Chilopoda. 

Attems (1926) has suggested that the evolution of fifteen pairs of legs ; alternate 
sized tergites ; reduction of spiracles to at most segments 2, 4, 6, 9, 11,13 and 15; and 
development by hemi-anamorphosis has occurred independently in the Lithobiomorpha 
and Scutigeromorpha. Since the first three of these features are inevitable consequences 
of a pursuit of speed by the adoption of (1) a gait such as the ‘top gear’ of Peripatus, 
and (2) the elongation of the leg, the parallel evolution of these features is readily 
understood. 

Both groups of anamorphic Chilopoda may have arisen independently from 
an ancestral chilopod possessing a segment number of the same order as suggested 
above for the ancestors of the epimorphic groups. When the locomotory mechanism 
of an ancestral anamorphic chilopod was sufficiently advanced for the employment 
of only thirteen or fourteen pairs of legs to be advantageous for running (pp. 146 and 
152) a secondary shortening of the body to this length may have occurred (see below). 


The primitiveness of the Onychophora. 


In discussing the embryology of Peripatopsis the primitive nature of some of its 
developmental processes relative to those of Arthropoda and many Annelida was 
stressed (Manton, 1949, p. 550). Many of the structural features of the adult are 
apparently less advanced than in other arthropodan groups, and are usually regarded. 
as primitive, although Foxon (1935) in seeking evidence for a particular theory 
concerning respiration, suggests that the flexible integument and non-jointed limbs 
of Peripatus may be secondary simplications from an animal possessing a rigid 
integument and joints. The relationship between the locomotory systems of the 
Onychophora, Chilopoda, Pauropoda and Diplopoda shown in the several Parts of 
this series do not support Foxon’s suggestions, and indicate that the locomotory 
mechanism of the Onychophora is indeed primitive. Since the acquisition of a 
rigid integument, jointed limbs and striated muscle brings also marked advances 


* The work of Miss Dixey (unpublished) has demonstrated the absence of uric acid excretion 


from the malphigian tubes of Lithobius. The maxill it i i 
genous excretion, as in the Crustacea. me Sa Se SEN IL 
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in methods of stepping and in the form of the body and limbs (see Part 2), it is 
unlikely that all of these structural features would ber lost, cane with a felines 
to a generalized locomotory mechanism possessing wide undeveloped potentialities 
and a lesser performance. Reversion to a soft integument has occurred many 
times among the Arthropoda, particularly in larval stages, but it has yet to be shown 
how far the locomotory mechanisms of such animals revert towards a condition as. 
generalized as that of the Onychophora. The locomotory mechanism of the soft 
bodied saw-fly lavae possessing many legs is not at all generalized, and entirely lacks. 
the wide potentialities of that of the Onychophora. It thus appears probable that 
the form of the body wall and limbs in the Onychophora is primitive, although the 
elaborate details of the foot probably did not characterize the ancestral Onychophora. 


The evolution of the Myriapoda. 


In discussing the evolution of the Myriapoda and Insecta, Tiegs (1947) adheres 
to the old idea that some ancient Peripatus-like form was ancestral to the Myriapoda, 
a line of arthropodan evolution quite independent of the Trilobite, Arachnid and 
Crustacean stem. He concludes that the Pauropoda represent the lowest grade 
of surviving Myriapoda. He points out that the evolution of the Myriapoda must 
have taken place upon a background of increasing»adaptation to the terrestrial 
environment, and this must have involved not only the free living animals, but also 
their eggs. 

The evolution of an ontogeny utilizmg a cleidoic egg has been temporarily 
resorted to by Peripatus, and occurs also in the epimorphic Chilopoda which hatch 
as miniature adults, and in both the body segments are progressively developed 
from the mesodermal bands in a somewhat similar manner (Manton, 1949 and 
Heymons, 1901). I do not consider that the origin of segmentation in Peripatus 
is comparable to the complicated method of growth of the anamorphic segments 
in Pauropus and the Symphyla in contrast to the Scolopendromorpha*. The 
procedure in Scolopendra, where the germ band attains its full length and then 
divides progressively into somites, appears to be much more like the Peripatus 
condition, in which the division into somites occurs before the germ band is fully 
formed and not after (see Manton, 1949), than the complex method of growth of 
the anamorphic segments. It seems reasonable to suppose that the epimorphic 
development of the oviparous Onychophora and of the Geophilomorpha and 
Scolopendromorpha may be primitive, and that the problems presented by this 
type of development have led to both viviparity and to anamorphosis. Thus the 
hemi-anamorphosis of the Lithobiomorpha and Scutigeromorpha may be secondary. 
In these groups post-embryonic development consists of successive moults each 
accompanied by an increase in the number of segments, and followed by moults. 
accompanied only by growth and the attainment of sexual maturity. Such a life 
history combined with increasing perfection of the locomotory mechanism could. 
lead, by neoteny, to a shortening of the body, so that no leg-bearing segments beyond 
the advantageous number of fifteen would be formed. Any further curtailment 
of leg-bearing segments would not occur in the Anamorpha, because their type of 
fast gaits with an even mechanical performance could then no longer be performed. 
It has been shown that the young Lithobius with few legs (p. 154) can only achieve 
mechanical evenness by employing a slower type of gait. This advantageous number 
of legs in the Anamorpha is associated not only with the gaits, but with the whole 
physiology of these animals. Different physiological potentialities might lead to 
different gaits, for which the number of legs would be different from the above opti- 
mum. A further shortening of the body may have occurred in the Pauropoda and 
Symphyla by the elimination of the later moults, so producing short bodied creatures 
with anamorphic developments. 


* As suggested by Tiegs (1947) but published before the appearance of the 1949 account of 
the development of Peripatopsis. 
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It may be noted that the number of leg-bearing segments in the Onychophora 
ranges from 14 to 43, and that some genera show progressive stages In a reduction 
of the segments behind the genital organs (Purcell, 1900) but there is no indication 
of the nature of any functional advantage resulting from this reduction. The 
length of body envisaged above for the ancestors of the four chilopod groups could 
have been passed on from Onychophoran-like ancestors. 

Attems (1926) refutes the ideas of Haase (1881) concerning the secondary 
‘Elongationsprinzip ’ for the Chilopoda, a view again supported by Fahlander 
(1938) and adopted here in a limited manner for Geophilomorpha alone. The evidence 
for the wider application of this principle to all Chilopoda presented by Fahlander 
appears to be open to other interpretations. The similarity in structure of the 
compound eye in Scutigera and the insects, particularly Lepisma (demonstrated by 
Hanstrém, 1934) is considered by Fahlander to be due not to parallel evolution but to 
direct affinity, the simpler eyes of other Chilopoda being supposedly degenerate in 
association with a more retiring habit. However, the similarity in eye structure 
between Scutigera and the Crustacea can hardly be due to anything other than 
parallel evolution. The sight of many Lithobiomorpha and Scolopendromorpha is 
sufficiently acute toenable them to catch flies, and as suggested on p. 160, the compound 

_ eye of Scutigera may be one of many morphological and physiological features which 
make possible its great speed. Secondly, the lesser development of head glands in 
Chilopoda other than the Scutigeromorpha is considered by Fahlander to be a secon- 
dary simplification. Until the function of these glands is elucidated such a conclusion 
is purely speculative ; it has been shown (text-figs. 1 and 2) that the output of energy 
in running must be relatively greater in the Scutigeromorpha than in other chilopod 
groups, and all structures concerned with respiration, excretion, etc. must be capable 
of a higher level of performance. The maxillary gland, if it is excretory (see above), 
would be expected to be more elaborate in the Scutigeromorpha, and it is most 
improbable that an animal which had once gained such a high degree of perfection 
of structures of all kinds, enabling it to run faster than any other myriapod, would 
lose all this efficiency and take to a lesser performance and smaller excretory organs 
etc. Thirdly, the free sternal plate of the maxillipede and the structure of the maxilla 
in Scutigera are claimed to be more primitive than in other Chilopoda. Since there is 
good reason for Attems’ view that no one living group of Chilopoda can have originated 
from any other living group, the comparative anatomy of the maxilla and maxillipede 
is open to other interpretations. Lastly, Fahlander’s compromise has little to 
commend it. He suggests that the ancestral Chilopoda had a weakly developed 
alternation in tergite sizes*, much as in some Scolopendromorpha, that this was 
exaggerated in his modern (primitive) Scutigeromorpha, developed a little more 
strongly in modern Scolopendromorpha and lost, together with the larval stages, 
in the Geophilomorpha. It has been shown above how the appearance and degree 

_ of alternation in shape of tergites is correlated with the gait, but the significance 
of the similarity in the arrangement of the tergites of the eighth and ninth segments 
(both of which are large) is uncertain (see p. 137). It may be noted that in the 
Pauropoda where alternate sizes of tergites are also found in correlation with a 
similar need, it is the second and third segments which fail to alternate and each 
bear large tergites. 

Comparison of the locomotory mechanisms of the Chilopoda supports the view 
that a type of animal roughly resembling a short geophilomorph in general form 
and life history, but lacking the specializations for burrowing (p. 135), probably gave 
rise to the four modern chilopod groups. 

The locomotory mechanism of the modern Pauropoda is clearly derivable from 
the same basic type employed by the ancestral Epimorpha, although the perfected 
gait of the adult Pawropus shows marked differences from those of the Epimorpha 


* Fahlander uses the term ‘ Heteronomie ’ 


: 5 , but as I have employed the t : : 
in respect of a different phenomenon (Manton, vie Toft noe 


1949 and Ivanoff, 1944, etc.) I prefer not touse it here. 
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The Pauropoda may have originated from long bodied creatures, but since a short 
body with ten walking legs is present in the Cambrian Aysheaia as well as in some 
modern Onychophora with fourteen pairs of legs, the ancestors of the Pauropoda may 
be descended from a stock of animals possessing a different number from that of 
the * Ur-Chilopoda ’. A perfection of the gait in a manner of their own has, at the 
same time, led to certain structural resemblences to the scolopendromorph and 
anamorphic Chilopoda (alternation in tergite sizes), but these are due to similar 
functional needs and were doubtless evolved independently. Suggestions concerning 
the causes of the shortening of the pauropod body are speculative, but since the 
egg is more resistant to desiccation than is the adult, a tendency towards neoteny 
and anamorphosis as the animal became more minute and adopted its present habitat, 
might reduce the duration of the growing period of its life, and enable a growing 
animal to produce an egg more quickly, a possible advantage to an animal which 
succumbs so rapidly to slight changes in humidity. Thus the evidence provided 
by the locomotory mechanisms endorses the views of Tiegs mentioned above. It 
will be shown in Part 4 that the same basic locomotory mechanism recognized in the 
Chilopoda and Pauropoda is also present in the Pselaphognatha. A study of 
locomotory mechanisms thus provides many functional reasons for the changes 
which have taken place in both gaits and general morphology from a soft bodied 
stage to the conditions found in the four living groups of Chilopoda and in the 
Pauropoda (the Symphyla and Diplopoda will be considered in Part 4). 
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SUMMARY. 


1. The locomotory mechanisms of the several groups of Chilopoda and of the 
Pauropoda are described, together with the factors which determine the choice of the 
gaits and the morphological features which make possible their execution. 

2. The Epimorpha alone show small changes in body length associated with 
changes in the gait. 

3. The gaits of the epimorphic and anamorphic Chilopoda are fundamentally 
different, and have evolved from the further development of types of gait seen in 
Peripatus ‘middle’ and ‘top gears’ respectively (pp. 121 and 158, and Part 1, p. 554). 

4. Comparison, of the gaits of the Onychophora, Chilopoda, Pauropoda and 
Diplopoda indicate that the locomotory mechanism and the structure of the body 
wall and limbs in the Onychophora are primitive, and not secondary derivations 
from jointed animals, p. 160. 

5. Morphological characters facilitate the execution of the gaits and render 
them mutually exclusive. A phase difference between successive legs of >0:5 is 
shown by the Epimorpha correlated with short legs, and one of <0-5 is obligatory 
in the Anamorpha in consequence of their long legs. The footprints of all legs on 
one side of the body occupy common marks at each pace in the Epimorpha, but 
form forwardly directed ‘sets’ in the Anamorpha. Crossing of successive legs 
occurs in the recovery stroke in the Anamorpha and to a very small extent in the 
propulsive stroke of the Epimorpha. 

6. Changes of speed are effected in the Epimorpha mainly by changes m pace 
duration and in gait, but in the Anamorpha in addition by changes in the angle of 
swing of the leg. 

7, The gaits of the Geophilomorpha and Scolopendromorpha show the same 
wide range of pattern, approx. (5-0: 5-0) to (7:5 : 2:5), at a phase difference between 
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successive legs of 0-6-0-87, and form a series of even practicability. The gaits are 
elaborated for different purposes in the two groups. The Scolopendromorpha 
achieve fast speeds for surface running by steeply decreasing the pace duration to 
<0-04 sec. and the duration of the backstroke to <0-01 sec. The Geophilomorpha, 
increase the flexibility of the gait, varying the positions of the footholds, for a 
burrowing or cryptic habit, and the pace durations do not steeply decrease. 

8. Active burrowing in the Geophilomorpha is dependent upon the body becoming 
‘ fat ’, and not upon the motive force exerted by the legs. A longitudinally contracted 
animal can increase its length by 66%. 

9. Morphological specializations correlated with burrowing in the Geophilomorpha. 
are :—(i) shortness of legs, (ii) presence of intercalary sclerites, which are large dorsally 
and telescope freely, (iii) the staggered position of the dorsal and ventral joints of the 
body, (iv) the elastic pleural region with isolated sclerites, (v) the powerful longi- 
tudinal musculature, and (vi) the tendency to decrease the length of the segments. 
and increase their number. 

10. Morphological specializations correlated with running in the Scolopendro- 
morpha are :—(i) the curtailment of the number of body segments, (ii) the longer 
legs of differential length, and (iii) alternate sized tergites. 

11. The gaits of the Anamorpha show a smaller range of pattern than the 
Epimorpha, for Lithobius (5-5: 4-5) to (6-54: 3-46) at a phase difference between 
successive legs of 0-16 to 0-154, and for Scutigera (5-5 : 4-5) to (6:43 : 3-57) at a phase 
difference of 0-16 to 0-135. Great speed is achieved by the reduction of the pace 
duration to approx. 0-07 sec. and that of the backstroke to approx. 0:02 sec. Lateral 
undulations are considerably controlled. 

12. The gaits are operated by either thirteen or fourteen pairs of legs, and result: 
in an even mechanical performance, footfalls occurring at approximately equal 
intervals, the loads on each leg remaining constant. 

13. The gaits of the young stages of Lithobius are described. The second instar 
with eight pairs of legs employs only a slow type of gait (5-0 : 5-0) at a phase difference 
of 0-25; a faster gait with an even mechanical performance is not possible until 
more legs are present. 

14. Morphological features correlated with running in the Anamorpha are :— 
(i) alternate sized tergites and fusion of tergites as in Scutigera, (ii) long legs of 
differential length, (iii) reduction in number of leg bearing segments to fifteen, 
and (iv) a tendency to shorten the trunk segments. 

15. The methods of starting up and turning are described. 

16. ‘The main limiting factors to increase of speed are, in the Scolopendromorpha :— 
(i) sagging of the body between the propulsive legs, and (ii) lack of control of lateral 
undulations of the body, which results in a waste of energy and a loss of potential 
speed ; and in the Anamorpha :—mainly an inability to quicken the pace still further. 

_ 17. The gaits of all stages of Pawropus gracilis are described. They bear a basic 
similarity to the epimorphic Chilopoda, but owing to their environment, the animals. 
can. effect a simultaneous transfer of the weight from leg to leg. 

18. Morphological features associated with the gaits in the Pauropoda are :— 
the alternate sized tergites and the length of the segments. 

19. The evolution of the body form of the main groups of Chilopoda is discussed. 
Support is given for the view that epimorphic development and a moderate number 
of segments may be primitive, and that anamorphic developments may be secondary. 
The nature of the locomotion has led to a shortening of the body in the Lithobio- 
morpha and Scutigeromorpha and to an elongation of the body in many Geophilo- 
morpha. The Scutigeromorpha represent the most advanced and swiftest. and not 
the most primitive, of the Chilopoda. 
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Cormocephalus, Stigmatogaster and Cryptops. 
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Cryptops and Pauropus. 
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Cormocephalus and Crypiops. 
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Inthobius. 
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Lithobius and Geophilus. 
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EXPLANATION OF THE PLATES. 


The black and white spots mark legs in contact with the ground or common footprints occupied 
by several legs, the intervening legs performing the recovery forward stroke. The phase dif- 
ference between successive legs is referred to as ‘p.d.’ in the legends. The exposures of these 
photographs have usually been adjusted so that the legs in contact with the ground are sharp 
while those in the recovery swing are slightly blurred. 


Pirate 31. 

Fic. 13. Cormocephalus pseudopunctatus, 26mm. X 4-1 (see legend to figs. 27-30), performing 
the fastest gait photographed (7-25: 2-75), p.d. 0-857, six legs being situated between the 
two opposite the white spots, and running on smoked paper, see text-fig. 3e. The animal 
was dropped at the lower end of the photograph and started in gait (5:5:4:5), p.d. 0-75 
approx. The strides increase in length from 5-7-9 mm., showing the rapid acceleration. 
The stride length of approx. 9 mm. is 0-9 mm. less than it would be if the animal did not 
undulate (=7 x segment length minus 0-9 mm.). 

Fig. 14. Oryptops anomalans, 28 mm. x 2-7. The same animal as shown in Pl. 32. The body 
length in fig. 17 is 22% greater than it is here. 

Fies. 15 and 16. Stigomatogaster subterranea, 70mm. X4-7. Fig. 15 shows a longitudinally 
contracted animal starting to walk with the anterior segments expanding, and the posterior 
segments longitudinally contracted and widened. Fig. 16 shows the same animal fully 
extended when walking, 46 of its 78 pairs of locomotory legs being visible, each metachronal 
wave usually comprises three but sometimes up to five segments, the gait being approx. 
(5-0 : 5-0), see text-fig. 3a, with variations, stride length 3 mm. as in text-fig. 4e, speed approx. 
8 mm.p.sec. 
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Priate 32. 


Fras. 17-20. Oryptops anomalans performing various gaits and increasing in speed from left 
to right. The actual animal measured 33 mm. but for numerical purposes (see text) 1b may 
be taken as 38 mm. long magnified x 2-7, and the speeds noted are scaled to correspond with 
thissize. The limb tips on the ground are sharp, but those in the recovery stroke progressively 
show more movement during the 1/1000th sec. exposure. Two or three legs may be on each 
common footprint opposite each spot. 

Fig. 17. Gait approx. (5-5: 4:5), p.d. 0-75, see text-fig. 3b, usually three legs in between two 
opposite the spots, speed approx. 25-30 mm.p.sec., average stride 7-4 mm. : 

Fig. 18. Gait (6-0 : 4-0), p.d. 0-80, see text-fig. 3c, usually four legs in between any two opposite 
the spots, track shown in text-fig. 4a, stride 8-9 mm., speed approx. 80 mm.p.sec. 4 

Fie. 19. Gait (6-68 : 3:32), p.d. 0-84, see text-fig. 3d, usually five legs in between two opposite 
the spots, track shown in text-fig. 4b, stride 11-2 mm., speed approx. 290 mm.p.sec. 

Fig. 20. Gait (7-25 : 2-75), p.d. 0-857, see text-fig. 3e, usually six legs in between two opposite 
the spots, track shown in text-fig. 4c, stride 13 mm., speed unknown, >290 mm.p.sec. 

Fias. 21-26. Pauropus gracilis, showing the gaits of the several instars x70. The apparently 
short legs opposite the spots are in contact with the ground, but unlike figs. 17-20, only one 
leg opposite each spot is on the ground. 

Fig. 21. First instar 0-21 mm., see text-fig. 12a ‘f21’. 

Fie. 22. First instar 0-25 mm., see text-fig. 12a ‘f21’. 

Fig. 23. ‘Second instar 0:30 mm., see text-fig. 126 * £23’. 

Fic. 24. Second instar 0:30 mm., see text-fig. 12a ‘£24’. 

Fig. 25. Fourth instar 0:41 mm., see text-fig. 126 f25’. 

Fie. 26. Adult 0:48 mm., see text-fig. 12c ‘£26’. 


PLATE 33. 

Fies. 27-30. Cormocephalus pseudopunctatus performing various gaits and increasing in speed 
from left to right, fig. 13, Pl. 37 forms the last of this series. Exposure 1/1000thsec. The 
sctual animals measured from 36—51 mm., but for numerical purposes (see text) they may 
be taken as 26mm. magnified x 4-1, and the speeds and strides noted here are scaled to 
correspond with this size. Two or three legs may be on the ground opposite each spot. 

Fie. 27. Gait (5-0: 5-0) p.d. 0-66, see text-fig. 3a, usually two legs in between two opposite the 
spots, but one or three also shown, the track resembles the lower part of text-fig. 5a, speed 
approx. 10-2 mm.p.sec., stride approx. 4:7 mm. 

Fie. 28. Gait (5:5: 4-5), p.d. 0-75, see text-fig. 3b, usually three legs in between two opposite 
the spots, track shown in text-fig. 56, speed approx. 12:6 mm.p.sec., stride approx. 5-9 mm. 

Fie. 29. Gait (6-0: 4-0), p.d. 0-80, see text-fig. 3c, usually four legs between two opposite the 
spots, speed approx. 24 mm.p.sec., stride approx. 7-5 mm. 

Fig. 30. Gait (6-68 : 3-32), p.d. 0-84, see text-fig. 3d, running on smoked paper, five legs between. 
two opposite the spots. The same track is seen in text-fig. 5c, but with blacks reversed, 
the break in the body smudge visible at the bottom of fig. 30 is seen one-third of the way 
up text-fig. 5c, speed approx. 35 mm.p.sec., stride length approx. 7-°9mm., 0:6mm. less 
than if the animal did not undulate (=6 x segment length—0-6mm.). A faster gait is 
shown in fig. 13, Pl. 31. 

Fig. aM pUcUPers hortensis, 19 mm., gait (6-0 : 4:0), p.d. 0-80, see text-fig. 3c and fig. 18, Pl. 32, 
X 970. 

PuatE 34. 


Lithobius forficatus, young and adult, showing a series of gaits of increasing speed from figs. 
34 to 37. The size of the adults (figs. 34-37) was 22-28 mm., but for numerical purposes (see text) 
they may be taken as 25mm. x 3-1, and the speeds and strides noted here are scaled to corre- 
spond with this size. The young stages shown in figs. 32 and 33 are x 6-2. 


Sie oe eee ui Ae ee segments (left leg 7 destroyed), 7mm. - Left legs 3, 
5 on OE an and right legs 1, 2, 6, 7, 2s i O24: da. 
iia eeu maeeae g 2g 7, 8 and 12, are on the ground, gait (5-5: 4-5), p.d 
Fie. 33. Second instar with eight pairs of walking legs, 4mm. Left legs 3, 4, 7 and 8 and right 
legs 1, 2, 5 and 6 are on the ground, gait (5-0: 5-0), p.d. 0-25, see text-fig. 6a, stride 3-2 mm. 
speed approx. 26 mm.p.sec. i 
Fig. 34. Adult. Left legs 3, 4, 5, 10 and 11 and right legs 1, 2, 6, 7, 8, 13 and 14 are on the 
nae fe oe : ak a Hhosivonst ee between the slow (5-5 : 4-5) and the fast (6-54 : 3:46) 
5 ext-figs. and c. is ] 
f so-1io cee cae sine a evel of focus is just above the ground. Speed approx. 
Iq. 5. Adult. Left legs 1, 6, 7, 8 and 13 and right legs 3, 4, 10 and 11 a: 

thirteen pairs of legs only being used, gait (6-54:3°46), p.d. 0-154, see re hee 
text-fig. 76 which exactly corresponds with the photograph. The level of focus is just above the 

ground, Speed 100-140 mm.p.sec., stride 16 mm. 
Fig. 36. Adult. Left legs 1, 2, 7, 8 and 13 and right legs 4, 5, 10 and 11 on the ground, groups 
of four legs being in the recovery stroke, thirteen pairs of legs being used (right leg 14 
absent), gait (6-54 : 3-46), p.d. 0-154, see text-fig. 6c, the lower diagram here and text-fig. Ta 


correspond with the photograph. The level of f i 
Pod ae GeSe el or focus is on the ground. Speed 120-150 
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Fie. 37. Adult. Left legs 4, 5, 11 and 12, and right legs 1, 2, 8 and 9 are on the ground, groups 
of five legs being in the recovery stroke on both sides, and all legs on two consecutive segments 
are off the ground (leg bearing segments 6 and 7) contrasting with text-fig. Te; the fastest 
gait with a slightly shorter backstroke than in (6-54 : 3-46), p.d. 0-154, body undulations 
conspicuous, level of focus on the ground, speed 250-280 mm.p.sec., stride 20-21 mm. 
Exposure 1/1,000th sec. 


PLATE 36. 


Fries. 38 and 39, Lithobius variegatus, 25 mm., performing slow gaits, left leg 1 and right leg 6 
absent (the fast gaits are shown on Pl. 34). 

Fie. 38. Adult <x 3-3, running on smoked paper. Left legs 4, 5, 6, 10, 11 and 12, and right 
legs 1, 2, 3, 7, 8, 9,13 and 14 are on the ground, groups of three propulsive and three 
recovering legs alternate, fourteen pairs of legs are used, gait (5-3 : 4-7), p.d. 0-16, near text-figs. 
66 and 7h which correspond with the photograph. Footprints of the right fourteenth leg 
are marked, and the places where the antennae have touched the ground are seen on the 
left. Speed 40-60 mm.p.sec., stride 12-5 mm. 

Fie. 39. Adult x 3-1, left legs 5, 6, 11 and 12, and right legs 3, 8, 9 and 14 are on the ground, 
groups of four legs being in the recovery stroke, fourteen pairs of legs being used, gait 
(5-5 : 4-5) approx., p.d. 0-16, see text-fig. 7m which is almost a mirror image of the photograph 
except that the right second leg is off the ground. Speed <40 mm.p.sec., stride <12 mm. 

Fie. 40. Geophilus carpophagus, 25 mm., with 47 pairs of walking legs, x5, showing nine 
complete metachronal waves on each side, each wave comprising from four to seven legs, 
gait predominantly (5:5: 4:5), p.d. 0-75, see text-fig. 3b, with variations in the form of slow 
forward strokes accompanied by an increase in the phase difference between successive legs, 
speed approx. 7 mm.p.sec. ‘ 

Fie. 41. Stigmatogaster subterranea. Right lateral view of two segments of an anaesthetized 
animal in which the segments are halfway between the fully contracted and expanded stages. 
The edges of the larger sclerites and the thicker parts of the smaller sclerites which catch 
the light are outlined in black on one segment. Interclary tergite (above) and tergite (below) 
lie on the left, intercalary sternite (very narrow above) and sternite (below) lie on the right, 
and in the elastic pleural region from left to right above lie the preparatergite, prescutellum, 
and precoxa, the pleurite bearing the stigma lies next to the tergite, and six other pleural 
sclerites are present. 


PLATE 36. 


Scutigera coleoptrata, the sizes were 17 and 26-5 mm., but for numerical purposes (see text) 

they may be taken as 22 mm. magnified x 2-2. 

. 42. Stationary in lateral view. 

ES oe Ae legs 1, 6, 7, 8 and 14, and rights legs 3, 4, 10, 11 and 12 are on the ground, groups 
of four and five legs being in the recovery stroke, fourteen pairs of legs are used, the fast gait 
(6-35 : 3-65), p.d. 0-135, a diagram corresponding with this photograph is given in text-fig. 2. 
Speed approx. 420 mm.p.sec., stride 33mm. Exposure 1/1000th sec. 

Fig. 44. Left legs 4, 5, 10, 11 and 12, and right legs 1, 2, 7, 8, 9, 13 and 14 are on the ground. 
Groups of three and four legs being in the recovery stroke, fourteen pairs of legs are used, 
a slow gait (5-5: 4-5), p.d. 0-154, see text-fig. 6d. Speed approx. 175 mm.p.sec., stride 


25 mm. 
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A NEW GLYCYPHAGID MITE—CARPOGLYPHUS MUNROI. By A.M. 
Hucuss, B.Sc., D.I.C., F.L.S., Royal Free Hospital School of Medicine and 
Infestation Control Division, Ministry of Agriculture and Fisheries. 


(With 13 text-figures.) 


[Read 10 May 1951.] 


Carpoglyphus munrot sp. n. was found in moderate numbers in a clock tower 
at the Imperial College Field Station, Silwood Park, Ascot, Surrey. It was living 
on dead insects—mainly blowflies and beetle larvae—which had become entangled 
in some disused spiders webs. The paratypes are in my possession. 

Description —The nomenclature of the body setae used below is that devised 
originally by A. C. Oudemans and later used by A. A. Zachvatkin (1940) ; that applied 
to the leg setae was compiled by F. Grandjean (1939). In a previous paper (1948) 
I have given a table correlating these nomenclatures with that of H. H. Nesbitt (1945). 


th 


Fie. 1.—Carpoglyphvs munrot sp. n. : 9. Fia. 2.—Carpoglyphus munroi sp. n.: 9. 
Dorsal view. Ventral view. 


This species most closely resembles C. lactis (Linn.)—a cosmopolitan species 
commonly found on fruit products, old cheese and on one occasion breeding in scabs 
on a domestic rabbit (Davies 1936). 

Female. (Figs. 1 and 2.) Length of idiosoma =450-600u. 

The body is almost pear-shaped in outline, the broadest region lying between 
the second and third pairs of legs, whilst the narrower posterior end of the opistho- 
soma terminates in a truncate edge. The surface of the skin is shining and translucent 
its colour varying with that of the food ; sometimes this is reddish and the outline 
of midgut and lateral caeca show clearly as red lobes. The dorsal surface has no 
propodosomatal shield and no conspicuous line of demarcation exists between the 
propodo- and hysterosoma. In (. lactis (fig. 3) are two rounded eye-like organs 
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above the base of leg 1, these are absent in the present species. The so-called ‘ oil 
glands’ are conspicuously pigmented in C. lactis and lie beneath the skin in the 


posterior angles of the body ; they are colourless in C. munroi and more anteriorly 
placed. 


Fie. 3. Carpoglyphus lactis Linn, : 9. 
; Dorsal view. 


The pseudostigmatic seta is more conspicuous in C. munrot than in C. lactis, it is a 
pointed. spine lying dorsal to coxa I and encircled by a lateral sclerite. At the 
anterior end of this sclerite is Grandjean’s organ—here taking the form of a small 
triangular appendage. The remaining dorsal setae are, on the whole, long and pointed 
in contrast to those of C. lactis which are short and blunt, except for two long pairs 
situated on the posterior edge of the hysterosoma. In both species the vertical 
posterior (vp.) setae are displaced so that they lie in the same transverse line as the 
external scapular (sce), the internal scapulars (sci) being inserted in the position 
normally occupied by the first pair of dorsals (d,)._ A table is given below comparing 
the lengths of the dorsal setae in C. munroi and C. lactis, their lengths being expressed 
as a percentage of the length of the idiosoma. 


va vp St Sce hi he d, d, 
O. munror ........ 11-13 50-90 11-13 18-25 25-28 32-40 28-36 20-25 
CPN OCNS cetccenkss 7-10 13-15 7-10 10-12~ 9-10 9-12 7-10 7-10 
el 
a 
ds d, ly ly ls 
CTU UT OU ac oo ndec Sn 2 Fa caso ees 20-25 7-15 3845 38-45 20-25 
ACU Re toe ee eee cas yesenovennsee 7-10 7-10 7-10 7-10 58 


2 2 
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i i —- d pa,—are 

In both species of Carpoglyphus, two longs pairs of setae—sae and pa, 
situated on the posterior edge of the body and trail behind the animal as it walks, 
whilst sai and pa, are relatively short in length. Surrounding the anus in C. munror 
(fig. 4) are three pairs of anal setae [a] of which the middle pair is long and extends 


a 


0-1 mm. 


Fie. 4.—Carpoglyphus munroi sp. n.: 9. 
Ventral view of anal region. 


slightly beyond the posterior edge of the body. . In C. lactis (fig. 5) only one pair of 
anal setae is present lying on either side of and mid-way along the anus. On the 
ventral side of the body the usual three pairs of coxal and two pairs of genital setae 
are present in both sexes. 

Ventrally the apodemes of the first pair of legs meet in the midline and are further 
joined to those of the second pair of legs by a pair of outwardly curving struts which 


O-lmm. 


O-Lmm. 
Fia. 5.—Carpoglyphus lactis Linn: 9. Fie. 6.—Carpoglyphus munroi sp. n.: 9. 
Ventral view of anal region. Ventral view of apodemes of legs I and II. 


together form an are-shaped sclerite lying immediately anterior to the 2 genital 
opening (fig. 6). This extends posteriorly as far as coxa III and is covered by a 
pair of genital folds, on the inner side of which are inserted two pairs of genital 
suckers. <A projecting tubular bursa copulatorix is present at the dorsal posterior 
end of the body (fig. 1) ; this is represented by a simple aperture in C. lactis. 
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The gnathosoma is 
Sie ie aca eee and broader than in C. lactis, but the chelicerae are 
ae tite legs are composed of five free joints, the distal joint terminating in a pulvillus 
in the tip of which is inserted a claw. Of the distal group of setae encircling the 
pulvillus on tarsus I (fig. 7), d is blunt and extends slightly beyond the end of the 
claw, ¢ is a sport blunt spine, f is a short seta on the paraxial side whilst ra is a long 
slender seta on the antiaxial side ; ventrally (fig. 8) there are three spines—of which 
the two distal ones probably represent a fusion of g-+ u and p+. The solenidion 
#3 18 missing. Amongst the middle group of setae Ja is a slender seta on the paraxial 
side of the joint, whilst wa is a stout spine on the ventro-paraxial side. Aa and ba 
are both missing from the dorsal surface. The basal group of setae is represented 
by the solenidion w, and e whilst the solenidion w, is missing. w, is a straight 
blunt rod sloping towards the antiaxial surface of the limb and arising from the same 
chitinous depression as the small «. The first tarsal joint of C. lactis (figs. 7, 8) 
differs in the following characters—f is spine-like instead of being a slender seta, wa is 


0-Imm. 


trochanter 


Fic. 7.—Dorsal views of legs I of Carpoglyphus munroi [left] and C. lactis [right]. 


similar to la in appearance, w, is a blunt rod always deflected in a posterior direction 
and w, is present as a small rod arising external to w, and «. Lastly, although the 
claw is supported by the end of the pulvillus as in C. munrov, in addition two chitinous 
struts are present embedded in the pulvillus itself. 

The arrangement of spines and setae on tarsi I-IV in C. munroi and C. lactis 
is similar to that of leg I and shows the normal simplification of structure. Thus « 
and, in C. lactis only, w. is missing from tarsi II to IV, w, and f from tarsi HI and IV. 
On tarsus III only one of the median setae—w—is present as a short spine, whilst on 
tarsus IV these are replaced by two spines r and w. 

In both species of Carpoglyphus the chaetotaxy of the remaining joints of the 
legs is similar to that described by F. Grandjean (1939) for Forcellintia wasmannt. 
In both species the long tibial solenidion ¢ is unusual among the tyroglyphids in 
arising midway along the joint instead of from its apex. 

Male. (Figs. 9, 10.) Length of idiosoma=320-500u. 
The structure of the J is essentially similar to that of the 2. 
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H 
Fic. 10.—Carpoglyphus munroi sp. n. g. 


Fic. 9.—Carpoglyphus munroi sp. n. 3. 
Ventral view. 


Dorsal view. 
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_ .The dorsal setae are markedly shorter than in the 2 and conform more closely 
in length to those of C. lactis, they differ, however, in being pointed instead of blunt. 
A table is given below comparing the two species, the setal length being expressed 
again as a percentage of the length of the idiosoma. 


va vp Sct sce ha h3 dy 


CWT OU sskancckcctes.s. 10-12 35-55 9-10 13-14 20-23 13-18 12-14 
PE IONIS Aa Ahir. csn oe ete 7-10 16-20 611 914 11-14 9-14 6-9 


Cy MUNTOU Sr .c0ccccck 12-14 12-14 10-12 13-16 11-13 9-12 
Cu lactis 3 cccecccene. 6-9 6-9 6-9 7-12 6-9 3-7 


The arrangement of setae at the posterior end of the body is the same as in the Q, 
except that the two anterior anal setae are lacking ; in C. lactis one pair of anal 
setae only is present as in the Q of this species. : 

On the ventral side of the body the setae associated with coxae I are lacking. 
Associated, however, with the forked apodeme lying at the base of the sternum are 
two chitinous rings (fig. 11). Like the coxal setae these are strongly birefringent 
and are probably homologous with the missing coxal setae. In the 3 of C. lactis 


0-Imm. 


¥ice. 11.—Carpoglyphus munrot, sp. n. 3. Fie. 12.—Carpoglyphus lactis Linn: g. 
Ventral view of apodemes of legs I and II. Ventral view of apodemes of legs I and II. 


these setae are similar to those of the @ (fig. 12). The remaining two pairs of coxal 
setae resemble those of the 2. Two pairs of genital setae are present in both species 
of Carpoglyphus, but in C. munroi the posterior pair is more than twice as long as 
the anterior. 


JOURN. LINN. SOC.—ZOOLOGY, VOL. XLII. 1133 


174 A. M. HUGHES: A NEW 


e chaetotaxy of tarsus I (fig. 13) varies slightly from that” of the 2. The spine- 
The of the 9 is ees and ‘as represented. by a small birefringent Dee ieee 
is inserted deeply into the surface of the tarsus on the paraxial sen 0) coe 
suckers are present on tarsus IV. In C. lactis (fig. 13) wa and la are both present on 
tarsi I and II as short blunt spines. 


0-Lmm. 
trochanter 


Fia. 13.—Dorsal views of legs I of Carpoglyphus lactis [left] and C. munroz [right]. 


The genital opening in both species lies between coxae IV, the penis is a straight 
tube associated with supporting sclerites, the structure of these being more massive 
in the case of C. lactis. 


Lire History. 


The life history is similar to that of C. lactis (Linn.) the egg passing through one 
larval and two nymphal stages before becoming adult. These stages are very 
similar in structure to the adult 9. The larvae do not possess ‘ bruststiele’ and 
the hypopial stage was not present in the material examined. ; 


SYSTEMATIC POSITION oF O. MUNROI. 


The genus Carpoglyphus was founded by Robin in 1869 with Carpoglyphus 
passularum as the type species (synonyms—Carpoglyphus anonymus Haller, 1882 ; 
Glycyphagus anonymus Haller, 1882; Phycobius anonymus Canestrini, 1888 ; 
Trichodactylus anonymus Berlese, 1884). This was later shown by A. C. Oudemans 
(1929) to be synonymous with Carpoglyphus lactis (Linn.) 1767 which must therefore 
be retained as the name for the type species. 

In 1905 N. Banks described another species—C. alienus from human urine in 
Java ; it differs from the present species in the absence of dorsal and scapular setae. 
A. Berlese (1910) described C. vagabundus from nests of Polistes gallicae, Pisa, Italy 
—distinguishable from other species in having a skin covered with small pits instead 
of the smooth shining cuticle which is so characteristic of the genus. 

A. D. Michael (1903) places the genus in the family Tyroglyphidae together 
with all the other non-parasitic sarcoptiform mites. A.C. Oudemans (1923) divided 
this unwieldy group into a series of small families and the genus Carpoglyphus 
(with Calvolia Oud., 1911, Forcellinia Oud., 1924 and Froweinia, Oud., 1923) was 
placed in the family Carpoglyphidae Oud., 1923. Zachvatkin, 1941, revised the whole 
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classification of Michael’s original group of Tyroglyphidae—dividing them into the 
three families Tyroglyphidae, Saproglyphidae and Glycyphagidae, the genus 
Carpoglyphus being placed in a subfamily Carpoglyphinae of the Glycyphagidae 
with the genera Hercia Canestrini. 
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STUDIES IN THE ARABIAN ORTHOPTERA.—III. NEW GENERA, SPECIES 
AND SUBSPECIES COLLECTED BY THE ANTI-LOCUST MISSIONS.* 
By B. P. Uvarov, D.Se., F.B.S., F.L.S., Anti-Locust Research Centre. 


(With 53 text-figures). 
[Read 10 May 1951.] 


The present paper includes some of the more striking results of intensive collecting 
carried out in recent years mainly by entomologists of anti-locust organizations 
(Middle East Anti-Locust Unit, and Desert Locust Survey) in the course of their 
travels in various parts of the Arabian peninsula. A vast amount of data on the 
distribution of previously known Orthoptera has also been accumulated and there 
is every prospect of the eventual list of Arabian fauna being more comprehensive 
than it was possible to hope for when the work began. 

My sincere thanks are due to those colleagues who found the time and the energy 
to spare when they might have been resting from arduous work in a difficult country. 
Their names will be found in the text, where their respective discoveries are recorded, 
and I hope they will be encouraged to see that their efforts have not been wasted. 
I am grateful to my colleague Dr. V. M. Dirsh for the illustrations. 

All types are deposited in the British Museum (Natural History), to which the 
collections have been presented by the Anti-Locust Research Centre. 


Family GRYLLIDA. 
SCAPSIPEDUS MAXIMUS, sp. n. 


Comparable in size only to S. limbatus Saussure of Madagascar, but differing from 
it by the pattern of the head, which has no light supra-antennal fascia. 

3 (type). Head moderately enlarged. Face in profile weakly bi-sinuate, owing 
to a roundly bulging frons, followed by shallow depression just above the lower 
suture; labrum also transversely depressed some distance below the suture. Mandibles 
not abnormally enlarged. 

Pronotum practically parallel-sided, strongly transverse. 

Elytra extending to base of supra-anal plate ; lateral area with 5 free veins and 
3 branches of the mediastinal vein ; 5 oblique veins, 2 posterior ones being strongly 
sinuate ; speculum oval, transverse, with a strongly curved dividing vein ; apical 
field short, with rather large cells. ; 

Hind femur very broad. Hind tibia with 5 inner and 6 outer spines; inner 
spurs reaching the middle of metatarsus. 

General coloration light reddish-ochraceous. Face black, this colour extending 
on to occiput where it fades to reddish-brown and is traversed by four, not sharply 
defined, light lines. Elytra with dorsally indefinite blackish areas. Hind knee 
dark-brown. Body and legs covered with stiff brown bristles and fine silvery 
pubescence ; abdomen shiny, blackish-brown, with fine silvery pubescence above. 

Q. Elytra covering two-thirds of body. Ovipositor as long as hind femur. 
Black pattern of the head more extended ; pronotum is also mainly black ; elytra 
above brownish-black, laterally rufous. Length of body $25, 926; pronotum 
6 55, 96; elytra $13, 911; hind femur $17, 917; ovipositor 9 16-5 mm. 

YEMEN: Sanaa, vi.1931, 2 3, 29, 4 nymphs (C. Rathjens); Ghaiman, about 
9m. S.E. of Sanaa, Jebel Girwan, ca. 9,200 ft., 17.11.1938 ; 3 3 (including the type), 
5 9, 4 nymphs ; wadi Ghallama, tributary of wadi Shiban, ca. 2,200 ft., 11. ii. 1938, 
1g; Jebel Jelal, above Nakil Isla, ca. 10,000 ft., 8.iii1.1938, 14; Jebel Sumara 
ca. 9,300 ft., 2.1. 1938, 5 nymphs (H. Scott and H. B. Eritton). 

The extent of black pattern varies considerably, some individuals having only the 
face black ; nymphs are almost wholly black. 


* For previous parts of this series see J. Linn. Soc. (Zool.), 39, 1936 5554 
pp. 547-559. (Zool.) » Pp 54; 40, 1939, 
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Family GRYLLACRIDID. . 
LEZzINA ARABICA Karny? Fig. 1. 


The size and the structure of abdominal appendages of this species as described 
by Karny from Yemen (1937, Gen. Insect. 206 : 37, pl. 2, fig. 1; pl. 7, fig. 4) leave no 
doubt that the type was a young nymph, which makes identification of adult material 
almost impossible. I have before me over twenty specimens of this genus from 
various localities in western Arabia (including Yemen), but there is amongst them 
only one adult male, and three females. The females are all of pale coloration and 
I hesitate to refer them to L. arabica which is conspicuously marked with brownish- 
bronze transverse fascize ; the male, however, agrees in that respect with Karny’s 
description and figure and almost certainly belongs to his species. Karny’s 
statement that the sexes in this genus are extremely difficult to distinguish is difficult 
to understand, since the two sexes are easily recognized in adult specimens. In 
fact, Karny quotes papers by Adelung (1902, Annu. Mus. Zool. St. Petersb., 7 : 68) 
and myself (Uvarov, 1924, Min. Agric. Egypt, Techn. Sci. Bull. 44:12) in which 
abdominal appendages in both sexes of several species have been described. 


Fig. 1.—Lezina arabica Karny ? End of male abdomen, posterior view. 


The subgenital plate in the male of L. arabica is strikingly distinct from that in 
other species, in which this sex is known, because it is not bi-furcated apically, but 
triangular, with the tip rounded (fig. 1). Measurements of the male are: length 35 : 
pronotum 7; hind femur 19mm. Unfortunately, the specimen has no exact locality 
label, but it was taken in Saudi Arabia by Mr. D. Vesey-Fitzgerald. Further adult 
material of this genus from Arabia is greatly needed, as the pale females may belong 
to another species ; female characters are, however, insufficiently known to be used 
for diagnostic purposes. 


Family TETTIGONIIDAE. 


TRIGONOCORYPHA TIHAMAE, sp.n. Fig. 2. 


Differs from other known species by the obliquely truncate apex of the elytron. 

3 (type). Fastigium of vertex obtusely triangular, with the apex open. Pronotal 
disc weakly rugulose, distinctly gibbose longitudinally, very distinctly widened 
behind ; anterior margin broadly concave ; posterior margin almost semicircular, 
slightly notched in the middle ; lateral carina strongly tuberculate throughout ; 
lateral lobe much deeper than long. Elytron reaching well beyond hind knee, broad ; 
marginal field very strongly expanded, but rather suddenly narrowed near apex ; 
apex of the elytron obliquely truncate, the anterior apical angle being acute, posterior 
obtuse and rounded ; posterior margin concave in the apical half. Radial veins 
weakly sinuate ; first radial branch bifurcate, second undivided. Wings longer than 
elytra, with acute apex. Hind femur with small spinules on both sides below. 

Supra-anal plate acutely lanceolate. Cercus moderately long, incurved. Sub- 
genital plate with a parabolic excision and triangular lobes. 
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General coloration uniformly light-green ; pronotal carinae, elytral margin and 
radial veins light stramineous. ; 

9. Very similar to the male, and the elytron is of the same shape, with obliquely 
truncate apex. Subgenital plate parabolic. Ovipositor short, strongly recurved, 
edges finely serrate. 

Preto body 39 44, 945; pronotum g¢ 8:5 ; elytron 3 44, 950; maximum 
width of elytron $15, 916; hind femur ¢ 25, 927; ovipositor 97 mm. 

Astr: Sabiya, 12.v.1948, 1g; wadi Qanuna near Qunfida, 2.iv.1948, 1g 
(type) ; wadi Taashar, 21.i.1949, 1 ¢ (G. Popov). 

Yemen: Useifera, 8.ii.1950, 192 (J. Hewitt). 

ADEN PrRotEecToraTE: Lodar, 29. vi. 1949, 1 g (G. Popov). 


Fie. 2.—Trigonocorypha tihamae, sp.n. Male elytron. 


Family ACRIDIDAE. 
OCHRILIDIA MARMORATA, sp. n. Figs. 3, 4, 5. 


Similar to O. harterti (I. Bolivar, 1913) and O. persica (Salfi, 1931) in the shape 
of the lateral pronotal carinae, but smaller than either of them and differing in a 
number of characters indicated below. A characteristic feature of coloration of the 
new species is a tendency to a marbled grey-brown and whitish pattern, often with 
distinct grey or brown spots on the elytra and with transverse dark fasciae on the 
hind femora, such as are not known in any other member of the genus. 

2 (type). Antenna about as long as head and pronotum together, distinctly 
dilated in more than the basal half. 

Vertex weakly convex, with obtuse median carina. Fastigium slightly shorter 
than broad, parabolic. Foveolae well developed, curved. 

Pronotum slightly constricted. Lateral carinae well developed, callous, convergent 
between front margin and first sulcus, divergent behind the first sulcus, sharply 
interrupted by all sulci. 

Hind femur moderately robust, gradually narrowed distally, without distinct 
filiform pre-genicular portion. 

Ovipositor valves strongly recurved, acute. 

Coloration mainly whitish-grey, marbled with chalk-white, grey and chocolate- 
brown of varying intensity. Face with blackish brown patches on the sides of the 
lateral carinae. Head with blackish postocular fascia. Pronotum with large 
velvety-black and chocolate-brown spots on the lateral lobes and on the dise close 
to the lateral carinae which are ivory-yellow. Elytra with irregular brown spots 
and streaks. Hind femur with two faint brown bands externally ; knees spotted 
with brown. Hind tibia blackened in the apical third below. : 
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3. Considerably smaller than female. Antennae dilated only in the basal fourth 
part. Fastigium relatively longer than in female. Subgenital plate fairly long 
recurved. 

Length $ 16-5, 223; pronotum $ -3-2, 94; elytra g 14,919; hind femur 37, 
2 10 mm. 


Fics. 3-5.—Ochrilidia marmorata, sp. n., male. 


Saupr ARABIA: 40 m. N. of Lith, 27.iii.1948, 2g, 49 (B. P. Uvarov) ; Jidda, 
8.iii. 1929, 19; 29.v.1929, 19 (H. St. J. Philby); Asir, El Mahala, 19.ix. 1944, 
19 (A. R. Waterston) ; Jedda to Lith, 13.iii.1948, 14, 12 (G. V. Popov). 

_ Brirish Somatmanp: Foot of mt. Elmis, 50 m. W. of Berbera, 3.v.1949, 
2 3, 2 9 (including the type); mt. Elmis, 4-6.v. 1949, 1 J, 49; Bihendula, 1,000 Ete 
31. v.1949, 5 3, 29 (K. M. Guichard). 


DURONIELLA PARALLELA, sp. n. Figs. 6-8. 


Differs from other species of the genus by the pronotum broadly rounded behind, 
not at all angulate. This character is apparent also in the recently described D. 
kostylevi Bei-Bienko (1948, Dokl. Akad. Nauk SSSR, 60: 497) from Baluchistan, 
but the latter has distinctly shorter antennae, with the cylindrical segments in the 
female being not longer than wide ; pronotal disc and sternum in the new species is 
distinctly rugulose, while these parts in D. kostylevi are described as smooth. — 

3 (type). Antenna a little longer than head and pronotum together, distinctly 
compressed and expanded in the basal part; segments of the apical (cylindrical) 
part are mostly twice as long as wide. 

Face moderately oblique. Frontal ridge in profile weakly convex ; its surface 
with a broad sulcus and sharp margins which diverge towards the clypeus. Lateral 
facial carina practically straight. Fastigium of vertex well prominent forward, 
~ longer than broad ; apex broadly parabolic ; surface scarcely concave, its transverse 
sulcus scarcely perceptible, median carinula weak, irregular. Upper surface of head 

oth. 
ee Pronotal disc punctured in prozona, rugulose in metazona. Lateral carinae 
almost straight, parallel in prozona and weakly divergent in metazona. Median 
carina moderately developed. Typical sulcus well behind the middle. Posterior 
margin broadly rounded. Lateral lobe rugulose, its lower margin sinuate. 

Elytra extending a little beyond hind knees. _ 

Cercus very weakly curved. Subgenital.plate with the apex truncate. 

General coloration very light ash-grey, with light brown and buff pattern ; elytron 
with a white stripe, bordered by brown. Hind tibia stramineous. 
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2. Segments in the apical half of antenna twice as long as broad. Fastigium 
broadly parabolic. Coloration mainly light buff. sie ' 

eigen 318-5, 2925; pronotum $35, 25; elytron 615, 218; hind femur 
¢ 10-5, 917 mm. 


Fies. 6—8.—Duroniella parallela, sp. n., male. 


Oman : Shinab, Batinah, 21.i1.1944, 1 ¢; khor Fakkan, Shimaliyah, 25. 18 1944, 
1g (D. Vesey Fitzgerald); Kalba, 56° 20’ E, 25°07'N, 18.v.1949, 549 (including 
the type), 3 2 (G. Popov). 


DURONIELLA ACUTA, sp.n. Figs. 9-11. 


A large species, comparable in size only to D. cooperi Uvarov, 1943, and differing 
from it by more oblique face, more acute fastigium and less rugulose head and pleurae. 

3 (type). Antenna much longer than head and pronotum together, weakly 
compressed. and expanded in the basal part ; segments mostly elongate, those beyond 
the basal third strongly elongate. 

Face strongly oblique. Frontal ridge in profile practically straight ; its surface 
with broad and deep sulcus, which is practically parallel-sided. Lateral facial carina 
broadly curved. Fastigium of vertex well prominent forward, longer than broad ; 
apex acutely parabolic ; surface weakly concave, with a parabolic sulcus ; margins 
smooth ; median carinula scarcely perceptible. Upper surface of head not punctured, 
matt. 3 

Pronotal disc smooth, except near the shoulders, where it is rugulose. Lateral 
carinae well raised, weakly inflexed in prozona, distinctly divergent in metazona. 
Median carina well developed throughout. Typical sulcus behind the middle. 
Posterior margin obtusely angulate, but the immediate angle rounded. Lateral 
lobe moderately rugulose in prozona, strongly wrinkled in metazona. 

Elytra extending beyond the hind knees. 

Cercus curved. Subgenital plate with the apex obtuse. 

iat coloration light-brown, with chocolate-brown and pale pattern. Wings 
hyaline. 

Q. Larger than the male. Antenna shorter than head and pronotum, distinctly 
expanded basally. Fastigium of vertex a little longer than broad, apex parabolic ; 
transverse sulcus semicircular ; median carinula obsolete: 
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General coloration light-green on the sides, buff ab i i 
; , with b 

the ee ie carinae. Elytra with weak Pee ca lan Sines: 

e . 5 . 1 
016 os 6 20,229; pronotum $ 3:8, 95; elytra J 18-5, 921; hind femur J 11:5, 

Saupr ARABIA: wadi Qanuna nr. Qunfida, 31. iii. 1948, 5 i i 

‘ ye olaiik , 54 (including the 
type), 89 (B. P. Uvarov); Qanuna, 2.iv.1948, 1 3 (G. Popov) ; ie N. of Lith, 
27.11.1948, 1 3 (B. P. Uvarov); Shafqa, 6.v.1948, 7 3, 3 9 (G. Popov). 


Fries. 9-11.—Duroniella acuta, sp. n., male. 


There is a variation in the coloration and pattern in this species, as in all others 
of the genus. 

It is not impossible that D. acuta is only a more slender geographical form of 
D. cooperi, known from the Siwa oasis in Egypt, but it is certainly distinct from it, 
at least subspecifically. 


EUCHORTHIPPUS ARABICUS, sp.n. Fig. 12. 

A very distinct species, with the elytra more abbreviated than in any previously 
known one, approaching in this respect H. madeirae Uvarov 1935, but smaller and 
much more slender, with the fastigium narrower, and differing in elytral -venation. 

d (type). Antennae slender, most joints elongate. Head almost as long as 
pronotum, its apex in profile acute, rounded. Frontal ridge shallowly sulcate, 
punctured. Fastigium of vertex narrowly pentagonal ; apical angle acute ; surface 
concave ; median carinula weak. Foveolae narrow, deep, parallel-sided. 

Pronotum relatively short, flat above; lateral carinae very slightly inflexed ; 
transverse sulcus a little behind the middle ; hind margin rounded. 

Elytra reaching a little beyond the middle of abdomen ; their shape and venation 


as in fig. 12. 
Subgenital plate slightly more acute than in EZ. madeirae, similar to that in #. 


albolineatus Lucas. ; 
Coloration as usual in the genus, but with a tendency to lateral longitudinal 


striping. Hind knees gradually blackened apically. Hind tibia dirty reddish-brown 
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Q. Antenna short, flattened basally. Fastigium of vertex with the apical angle 
about 90°. Elytra not reaching the middle of abdomen. Lower valve of ovipositor 


with distinct tooth. 
Length of body ¢ 12:5, 920; pronotum $ 2-4, 94; elytron $58, 96-2; hind 


femur 3 7-5, 9 11 mm. 


12 


Fie. 12.—Huchorthippus arabicus, sp. n., male elytron. 


Astr: Suda, 19.vi.1948, 23 (including the type), 49; Hamara, 15m. N. of 
Abka, 7500 ft., 6.11948, 34, 49; Al Wadiein, 18°05’ N, 42°50’, 7800 ft., 
3.1.1948, 7 3, 92 (4. V. Popov). 


BODENHEIMERELLA HEMIPTERA, sp.n. Figs. 13-16. 

The genotype, B. jordanica Uvarov, 1933, is a species with somewhat abbreviated, 
but completely developed, elytra, while in the new species alytra are widely separated 
dorsally even in the male and in the female they are reduced to oval lateral pads. 
The new species differs also by the more prominent fastigium, shorter metazona of 
pronotum and broader tarsal arolia, as well as by more robust general habitus, 
particularly by thicker head. 


Fies. 13—-16.—Bodenheimerella hemiptera, sp. n., 13-15, male 16, female. 


B. arabica Uvarov, 1936 (J. Linn. Soc. (Zool.), 29, 540) should be more properl 
referred to the genus Leva, and becomes Leva arabica (Uvarov, 1936). ghee 
3 (type). Small, but robust, with rather large head. 


STUDIES IN THE ARABIAN ORTHOPTERA 183 


BS feed ea than head and pronotum together, thick, slightly incrassate 
Frontal ridge with a broad punctured sulcus and well raised smooth margins. 
Fastigium well projecting forward, pentagonal, with very acute apex and well raised 
margins which somewhat converge behind ; surface convex. Foveolae longer than 
broad, weakly narrowed forward ; lower margin convex and somewhat irregular. 
Occiput with a median carinula and a series of concavities on each side of it. 

Pronotum short, coarsely punctured. Median and _ lateral-carinae distinct 
throughout ; the latter weakly and roundly inflexed. Transverse sulci weak ; the 
last one placed well behind the middle. Posterior margin very broadly rounded. 

Elytra not reaching the apex of abdomen, widely separated at the base ; venation 
as illustrated. 

Posterior femur short and stout. Tarsal arolia half the length of a claw and 
broad, widened to the apex. 

_ General coloration chocolate-brown, with broad blackish lateral stripes and a 
light stripe along the dorsal part of head and pronotum. Posterior femur with dark 
fasciae above. 

Q. Much more robust and large-headed than the male. Frontal ridge with the 
sulcus more narrow and shallow. Fastigium of vertex with the sides rounded, but 
the apex acute. Elytra extending only a little beyond the second tergite. Coloration 
’ buff, with many light and black markings ; pronotal carimae very light. 

Total length g 8:5, 914; pronotum $2, 93-5; elytron $ 3-5, 23-2; hind femur 
36 6,2 9mm. 

Saupr ARABIA: Daka, S. Hedjaz, 17.ix.1936, 29 (H. St. J. Philby) ; Talha, 
2. xii. 1936, 1 9 (H. St. J. Philby); Halala, ii,1936; 19 (H. St. J. Philby); Suda, 
Asir, 20. vi. 1948, 3 3 (including the type), 2 9, 1 nymph (@. V. Popov). 


PARACINEMA TRICOLOR ARABICA, Subsp. n. 


Very close to P. tricolor tricolor (Thunberg), but fastigium of. vertex shorter ; 
antennal segments more elongate; pronotum shorter, particularly its metazona 
which is more broadly rounded behind. Very similar to P. tricolor sudanensis Key, 
but differs by the wholly bright red tibia of the male. 

Astr: Jaheri, 16° 52’ N, 43° 08’ E, 29. xi. 1947, 12 3, 10 9 (G. Popov). 


HILETHERA ARABICA, sp.n. Figs. 17-20. 


Distinct from all known species in smaller size, very short antennae, very acute 
head, long and narrow pronotum with the hind angle very acute, and very rugose body. 

2 (type). Antenna very short, compressed and weakly expanded in the basal 
half, slightly incrassate apically. 

Frontal ridge broadly excavate from the antennal level downwards, with smooth, 
thick raised margins ; above the antennae convex, smooth, with a few small punctures. 
Fastigium of vertex narrowly triangular, with the apex very acute ; surface deeply 
concave, rugose. Foveola long, narrowly triangular. Occiput rugulose. 

Pronotum relatively long, surface rugose and punctured ; median carina well 
“raised and sharp throughout, interrupted only by the third sulcus which is placed 
in the middle ; lateral carinae well raised, though irregular, parallel and well distant 
from each other, but strongly incurved just before the first sulcus ; continuing 
parallel, but much nearer each other between the first and the third sulcus; in 
metazona, the carinae are again widely distant, almost parallel, extending from 
behind the second sulcus to the shoulder angle. Metazona acutely angulate behind, 
with the margins weakly incurved. 

Elytron just covering the abdomen. Discoidal vein weakly sinuate, distant 
from the radial throughout ; interulnar area about half as broad again as the discoidal ; 
anterior ulnar vein forming a very broad bow with the furcal branch. Wings 
relatively short and broad. 
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} ion chocolate-brown. Antennae whitish, with darker rings in the apical 
boll Rivtea mostly transparent ; a blackish-brown spot occupies the ee pe 
of the pre-radial area ; a broad median fascia of the same colour reaches only i 
ulnar area ; apical part with some dark spots. Wing hyaline, infumated near 1 
apex, but the immediate apex of the first lobe is hyaline. Hind femur pers 
light coloured in the basal half, blackened in the rest, especially above ; inner si ‘ 
shiny-black, with a light pre-apical rmg. Hind tibia shiny-black, with a post-basa. 
ring and the apex white. 

Body length 18; pronotum 4:5; elytron 13; hind femur 8 mm. 


ee 
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Fies. 17-20.—Hilethera arabica, sp. n., female. 


Hapuramavut: Jol, 37 miles from Mukalla, 2,500 ft. ; 6.ix.1949, 1 Q (type) ; 
wadi Ghail Omar, 9. vii. 1949, 1 9 ; mile 42, West Road, 3. vii. 1950, 6 3,52; mile 
38, West Road, 4. viii. 1950, 6 3, 2 9 (K. M. Guichard). 

In the structure of antennae, head and pronotum, this species reminds one of 
the Californian genus Chimarocephala. 


SPHINGONOTUS LAXUS, sp.n. Figs. 21-23. 


Referable to the Pamiricus group of Mistshenko (1936, Eos, 12: 74) because of 
the very sparse venation of elytra which are short and broad. 

3 (type). Under medium size, fairly robust. 

Antenna slender, much longer than head and pronotum together. Head weakly 
projecting above the pronotum. Eyes large, protruding sideways ; their vertical 
diameter somewhat greater than subocular distance. Face weakly oblique ; frontal 
ridge distinctly projecting between antennae, weakly concave below the ocellus, 
with thick raised margins. Fastigium of vertex sloping, concave. 

Pronotum moderately constricted in prozona ; anterior margin bi-sinuate, with 
a shallow median excision ; median carina practically obsolete in prozona, linear in 
metazona ; metazona less than twice the length of prozona, almost flat, with the 
posterior angle obtuse, rounded. Lateral lobe vertical ; lower edge sinuate ; hind 
angle broadly rounded. 

Elytra short and broad, with very loose venation and reticulation ; membrane 
transparent except very near the base. Apical part of the 2nd branch of median 
vein giving off a single branch; intercalate vein practically straight, close and 
parallel to the discoidal throughout its length. 

Hind femur rather slender ; tibia distinctly shorter than the femur. 
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Supra-anal plate rounded-triangular. 

General coloration light rusty-brown. Head and pronotum with whitish patches 
and black dots. Elytra with two very sharp black fasciae ; the base light rusty- 
brown, the rest hyaline with brown spots. Wing with the edge of the first two 


lobes infuscate. Tnner face of hind femur mostly blackish, with two light fasciae. 
Hind tibia stramineous. 


wz 
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Fias. 21-23.—Sphingonotus laxus, sp. n., male. 


Q. Apical part of the 2nd branch of medial vein gives off two branches. Hind 
tibia faintly bluish. 

Length of bedy $165; 921; pronotum $3°5, 94:5; elytra J 17:5, 9 21:5; 
hind femur 3 9, 911 mm. 

Saupr ARABIA: Hanakiya, 4-15.iv.1944, 1 3 (type) (D. V. Fitzgerald) ; Ashaira, 
iv. 1936, 1 2 (H. St. J. B. Philby). 


COPHOTYLUS CYANESCENS, sp. n. Figs. 24-28. 


Closely related to C. steindachneri Krauss 1902, but difiermg from it by longer 
antennae, more oblique face, narrower fastigium of vertex, structure of the male 
supra-anal plate and the coloration of hind wings and tibiae. 

g (type). Antenna approximately twice the length of head and pronotum 
together. 

Face strongly oblique. Frontal ridge broadly sulcate throughout, with smooth 
raised margins which continue as margins of the fastigium. Fastigium of vertex 
~ narrowly-oval, distinctly narrowed forwards ; surface concave, continuous with the 
concavity of the frontal ridge. 

Pronotum more elongated than in C. steindachneri, with the posterior angle 
more acute ; median carina less raised in front of the first sulcus. 

Elytra and wings as in O. steindachnert. — 

Supra-anal plate elongate-trapezoidal, with a transverse carinula, as figured. 

General coloration rusty-brown, densely mottled with black. Hind femur 
dirty-brown inside ; tibia blackish-blue. Wing very light blue in the basal two-thirds, 
the rest faintly smoky, particularly near the middle part of the outer margin. 

Total length 15-5; antenna 10; pronotum 3-5; elytron 16 ; hind femur 8 mm. 

Western ADEN Protectorate: Lodar, 29. vii. 1949, 1 3 (G. Popov). 
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A male of this very distinctive new species was taken at light, together bees a 
male of OC. steindachneri. Differences between the two species will be seen when 


Fies. 24—-28.—Cophotylus cyanescens, sp. n., male. 


figs. 24-28 for C. cyanescens are compared with figs. 29-33 for C. steindachneri, parti- 
cularly striking being the differences in the antennae, fastigium of vertex and the 
supra-anal plate. 


FITZGERALDIA, gen. nov. 


?. Under medium size, body depressed (broader than high in the region of thorax), 
rugulose, with sparse soft hairs. 

Antenna short, filiform. Head scarcely prominent above pronotum. Face 
vertical ; frontal ridge broad, weakly concave. Vertex very broad; fastigium 
weakly sloping, much broader than long, with the anterior margin irregularly 
tuberculate. Pronotum very broad, depressed ; anterior margin sinuate, posterior 
margin wavy, the angle obtuse, rounded ; median carina weak, obsolete between 
sulci which are well developed. Lateral lobe forming a very obtuse angle with the 
disc ; lower margin rounded ;_ hind angle very broadly rounded.  Prosternum 
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with the anterior edge somewhat swollen, collar-like. Sternum ; 3 

sternal lobes sub-triangular, their interspace twice the width of Meee 
lobes very widely distant. Ovipositor valves with acute recurved apices ; lower 
valve with a large basal lobe. All legs slender ; tarsal arolia minute. Hind femur 
strongly incrassate, with the upper carina wavy and the upper outer area almost 
as broad as the outer face, which has fairly regular herring-bone ridges ; base of 
hind femur with the upper lobe larger than the lower. Hind tibia with six external 


cs. 3S 
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Fias. 29-33.—Cophotylus steindachnert Krauss, male. 


and nine (including the apical) internal spines; spurs normal. Elytron covering 
the body ; narrow, with narrowly parabolic apex ; membrane weakly leathery in 
the basal part; venation simple, main veins more or less straight; no false vein 
in the discoidal area ; transverse veins irregular, frequently incrassate. Wing short, 
almost in the shape of a quarter-circle ; outer margin wavy. 


FITZGERALDIA DHOFARICA, sp.n. Figs. 34-37. 


9 (type). Antenna as long as head and the prozona of pronotum together. Face 
rugulose. Frontal ridge very broad above the median ocellum, suddenly narrowed 
and depressed below it, widening again near the clypeus. Lateral facial carinae 
strongly raised, sinuate. Fastigium of vertex with a faintly indicated median 
carinula. 

Anterior margin of pronotum projecting forward in its median part, which is 
broadly bi-lobed. Prozona with rather large but low tubercles. Submarginal 
sulcus deep laterally ; other sulci moderate, deeper laterally, but the posterior one 
is deep throughout, projecting angularly forward in the middle. Metazona gibbose, 
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with broad and shallow depressions on each side of the median line just behind the 
sulcus ; surface rugulose and punctured. Median carina raised in front of the first 
sulcus, obsolete between the sulci, linear in the metazona. 

General coloration ochraceous with black dots and markings. Antenna with 
black rings. Sides of head, pronotum and pleurae with interrupted black fascia. 
Elytron with a black streak along the base of the costal margin. Wings faintly 
bluish. Anterior and middle tibia ringed with black. Posterior femur with a 
blackish pre-genicular fascia, blackish inside ; tibia greyish-blue below, whitish 
above, with black-tipped spines. 

Total length 16; pronotum 4:5; elytron 14-5; hind femur 10 mm. 

SoutHERN ARABIA: Dhofar, Jebel Qara, 7.x.1943, 39 (D. V. Fitzgerald). 

Two paratypic females differ from the type in their general coloration, one being 
predominantly sooty-black, while the other has an oblique blackish fascia on the 
elytron ; in both the elytra are somewhat shorter than in the type (11 mm.). 


Fias. 34-37.—Fitzgeraldia dhofarica, gen. and sp. n., female. 


According to the information supplied by Mr. Vesey-Fitzgerald, these insects 
were taken by him on the inland side of the Qara mountains, termed by him a 
pre-desert zone °, which is ‘a level plateau of yellow soil and many surface stones 
both soil and surface of stones being covered with abundant lichen patches, so that 
the ee pages is greyish coloured ’. 
part from Fitzgeraldia dhofarica, some specimens of the previ 
Rashidia perpleaa Uv., another endemic genus, te collected in this eee 
This and the followmg are two genera of very uncertain affinities. By the 
general habitus they might be referred to Oedipodinae, but they have no false 
(stridulatory) vein in the discoidal area of the elytra. In the structure of the vertex 
there is some suggestion of affinity with Pamphaginae, but the structure of the 
base of hind femur and the absence of the Krauss’ organ preclude this assignation. 
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They scarcely belong to Catantopinae because of the absence of the Comstock- 
Kellog glands in the female (kindly ascertained for me by Dr. Agarwalla), although 
in some genera, now referred to that subfamily, the glands may also be absent (Slifer, 
1940, J. Morph., 67: 214). It appears best to refer the new genera to Oedipodinae 
tentatively, in the hope that their position will become clarified when the males are 
known. Within that subfamily, they might be placed near Heliastus Saussure, 
Crbolacris Hebard and Xenotettix Uvarov, in which genera the discoidal false vein - 
is also absent, at least in the female sex. It is possible that this group of unspecialized 
genera may be more primitive than the Oedipodinae proper. 


JINABIA, gen. nov. 


Probably related to Fitzgeraldia, at least by the elytral venation, but well distinct 
from it in the smooth body, completely rounded vertex and the structure of posterior 
tarsus and tibial spurs. 

?. Under medium size, body moderately depressed, finely rugulose or almost. 
smooth. 

Antenna short, filiform. Head a little prominent above pronotum. Face weakly 
oblique ; frontal ridge broad, flat. Vertex very broad ; fastigium convex, strongly 
sloping, almost vertical, its surface flat, passing almost without an angle into the 
surface of the frontal ridge. Pronotum moderately broad ; dorsum uneven ; no 
trace of median carina ; shoulders of metazona somewhat raised, but not carinate ; 
two sulci on the disc ; posterior angle about 90°, its tip rounded. Lateral lobe 
obliquely sloping ; lower margin and both angles rounded. 


Figs. 38—41.—Jinabia thesigeri, gen. and sp. n., female. 


Prosternum with a low, thick transverse swelling. Sternum very broad ; 

mesosternal lobes oval; their interspace twice the width of a lobe; metasternal 
idely distant. 

eas with recurved apices ; lower valva with a basal projection. All tarsi 
elongate, with long, slender claws; arolia minute. Hind femur not stout, but 
its upper outer area strongly expanded ; upper carina wavy. Hind tibia somewhat 
expanded apically ; inner spurs as long as the first tarsal segment; third tarsal 
segment as long as the first and second together. Hlytron covering the body, weakly 
narrowed to parabolic apex, membrane scarcely leathery ; main vein more or less 
straight ; no false discoidal vein ; transverse veins irregular. Wing longer than 


broad ; outer margin rounded, slightly wavy. 
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JINABIA THESIGERI, sp. n. Figs. 38-41. 

2 (type). Whitish-sandy in colour, with very faint buff fasciae on elytra and 
hind femur ; antenna with darker rings. Hind tibia white ; spines black-tipped. 

Length 15:5; pronotum 3-5; elytron 13-5; hind femur 9mm. 

HapHRAMAUT: Aiwat, 17°35’ N, 50° 40’ E, 10.ii.1946, 19; Thamut, 17° 20’ N, 
50° 00’ E, 13.ii.1946, 1Q (type), 2 nymphs; Jinab, 17°20’ N, 49°55' EK, 19 (W. 
Thesiger). 

All the specimens are very poorly preserved, but the insect is so distinctive 
that it should be recognizable without difficulty. 


Popovis, gen. nov. 

A member of the subfamily Pyrgomorphinae and of the group Orthacres (I. 
Bolivar, 1909, Gen. Insect., 90: 4, 44), where it comes reasonably near the genus 
Orthacris itself, differing from it in the longer fastigium, presence of rudimentary 
oval elytra and absence of abdominal tympanum. 


Fias. 42-49.—Popovia salvadorae, gen. and sp. n. 42-45, male 46-49, female. 


Size medium. Body very slender, cylindrical. Antenna thick, sligh i 

; : ; tly triangul 
only near the base, rounded elsewhere. Fastigium of vertex well Lice toet tore ate 
practically horizontal, with weak carinulae; foveolae contiguous along a line 
which is half the length of the fastigium. Face strongly oblique, sinuate. Frontal 
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ridge weak, except between antennae where it is compressed, prominent and deeply 
suleate. Eyes strongly prominent, elliptical. Pronotum cylindrical ; sulci faint, 
the posterior one at four-fifths of the length ; posterior margin very shallowly excised 
in the middle. Prosternum with a stout cuneiform tubercle. Mesosternal lobes in 
both sexes much longer than broad, their interspace strongly narrowed behind ; 
metasternal lobes contiguous behind the foveolae. Abdomen very long ; tympanum 
obsolete. Male supra-anal plate tongue-shaped, cerci short, curved. Ovipositor 
stout, upper valve crenulate ; lower valve with tuberculate basal surface and a 
strong basal tooth. Legs short, but the anterior and median tarsi as long as their 
tibiae ; hind femur slender; hind tibia somewhat expanded distally, with 7-8 
small spines, without the apical external spine ; hind tarsus half the length of tibia ; 
all arolia very large. Elytra lateral, lobiform, oval. 


POPOVIA SALVADORAE, sp. n. Figs. 42-49. 


3 (type). Opaque, rusty-buff, with fairly large, lighter coloured and smooth 
callosities on the sides of head and pronotum; an imperfectly defined dark-grey 
lateral stripe commencing behind the eye runs along the upper half of pronotal 
lobe and the pleurae. Legs with indefinite greyish spots and fasciae. Hind femur 
mottled with grey on the outer side ; inner side faintly reddish ; knee black inside. 
Hind tibia blackened near apex on the underside. 

2. Uniformly pale-green, with few paler callosities ; inside of hind femur faintly 
reddish, but the knee not black. 

Length § 26, 935; pronotum $4, 96-5; elytron 1:6, 93; hind femur $ 11:5, 
2 14-5 mm. P 

WESTERN ADEN PROTECTORATE: wadi Bana, Abyan, 23.vii.1949, 83, 69, 
1 nymph (G. Popov). In a Salvadora persica bush. pak 

Although this remarkable genus has a formal relationship with the Indian Orthacris, 
its exact affinities are obscure, mainly because the group Orthacres, as understood 
by I. Bolivar, appears to be somewhat artificial. This insect is certainly one of the 
most outstanding recent discoveries amongst the Arabian fauna. 


PYRGOMORPHELLA CURTULA, sp.n. Figs. 50-52. 


Small, but sturdy, with elytra reduced to minute scales. ; 

$ (type). Antenna short, thick, very slightly compressed in the basal part, 
round elsewhere. 

Fastigium of vertex distinctly longer than wide, with parabolic apex. Foveolae 
of fastigium weakly and irregularly excavate ; disc of fastigium with rather large 
obtuse irregular tubercles and low irregular median carina, which continues on to 
occiput where it is scarcely raised. é 

Face shallowly rugulose, raised portions shiny. Frontal ridge very narrowly 
sulcate above, obsolescent below the ocellus, not reaching the clypeus. 

Pronotum short, obtusely wrinkled, shiny. Median carina very low, irregular ; 
lateral carinae scarcely indicated and convergent behind in the prozona, and equally 
weak in the metazona. Anterior margin of pronotum broadly rounded, posterior 
with a broad excision, margins of which are convex. First sulcus scarcely perceptible 
on the disc, obsolescent laterally ; second sulcus in the middle of the length; third 
at equal distance from the second and the posterior margin. Lower margin of lateral 
lobe weakly sinuate, distinctly ascending forwards ; posterior angle obtusely truncate ; 

i argin strongly bi-sinuate. 
fet hvtron oleate Zea extending a little beyond the mesonotum. — 

Abdomen obtusely wrinkled, with a very low and irregular median carinula. 
Last tergite with a broad triangular excision. Supra-anal plate tongue-shaped, 
longer than broad. Cercus short, stout, conical. Subgenital plate ovoid. 

All legs short, incrassate, especially hind femora. i 
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Coloration light sandy-buff, with the following markings blackish or dark-grey : 
irregular rings on antenna ; semi-circular line on the face, below the ocellus, with 
the ends directed downwards ; band covering the upper half of pronotal lobe, 
interrupted by an oblique light band ; disrupted continuation of the same band on 
pleurae and sides of abdomen ; a spot in the shallow depression just behind the tip 
of elytron; irregular disrupted bands on first and second femur and tibia; base, 
a median band, a pregenicular band and spots on the knee of hind femur ; most of 
the underside of hind tibia and tips of tibial spines. 

9. Considerably larger than male; more rounded and with most of the dark 
markings obsolete. 

Total length 11, 218; pronotum 32:5, 94; hind femur 36, 98mm. 

Hapuramavut: Jol, Mukalla-Seiyun West Road, 4-5,000 ft., 1-3.ix.1949, 14 
(type), 22 (G. Popov); 23, 39 (K. M. Guichard); Ahadaherma, West Road, 
viii. 1949, 32; mile 38, West Road, 4,000 ft., 4. viii. 1950, 1 g, 2 Q (K. M. Guschard). 

There is no other known species of Pyrgomorphella with elytra reduced to minute 
scales. An Abyssinian species, P. sphenarioides I. Bol. is said to be completely 
apterous, and differs also from the new one by much shorter and broader fastigium. 


Frias. 50-52.—Pyrgomorphella curtula, sp. n. 


PAREUPREPOCNEMIS POPOVI, Sp. nh. 


Strikingly different from P. syriaca Brunner by more slender habitus, very long 
antennae, prominent fastigium of vertex, narrow interocular space and the coloration 
of hind legs. 

3 (type). Antennae much longer than head and pronotum together, very slender 
not dilated in the middle part, all segments beyond the basal third strongly elongated. 

Face very oblique, forming an acute but rounded angle with the fastigium, in 
profile straight. Frontal ridge relatively narrow, well defined, parallel-sided. except at 
the fastigium where it is rather suddenly narrowed ; surface flat, punctured. Fasti- 
gium of vertex strongly prominent forward, narrowly pyriform ; its surface weakly 
concave. Eyes very large, bulging sideways; interocular Space scarcely wider 
than the third antennal segment, provided with a smooth median carinula. 

Pronotum long and narrow, prozona punctured only near the sides, twice the 
length of metazona, which is punctured all over and very obtusely angulate behind 
Median carina very distinct, smooth ; lateral carinae very weak, practically straight. 
All sulci very distinct, practically straight. Lateral lobe longer than deep, in the 
prozona with shallow honeycomb sculpturing, in metazona coarsely and. ‘densel 
punctured, Prosternal tubercle conical, with rounded apex. 5 
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Elytra as long as pronotum, just touching each other dorsally, elongate-elliptical, 
with the apical part narrowly parabolic. 

Last abdominal tergite with scarcely perceptible furcula. Cercus laminate, 
decurved, its tip subacute. 

Coloration offers strongly contrasting pattern of brown and light-yellow. Face 
dirty light-yellow ; frontal ridge brown; under each eye a heavy black vertical 
stripe. Occiput dark brown along the middle, with sharply defined light-yellow 
lateral stripes which extend on to the pronotum and elytra, which parts are otherwise 
very dark brown. Hind femur with three heavy black fasciae and black knee ; on 
the outside, the first fascia is diffuse, the second extends from the upper edge to the 
middle. Hind tibia in the basal half black with a broad yellowish ring, in the apical 
half bright red. Hind tarsus red. 

2. Much larger than the male, more ruguloge, and the pattern obsolete, but hind 
femur shows the same dark fasciae if less sharply defined. 

Length of body $19, 936; pronotum 34, 27:5; elytron $5, 211; hind femur 
6 11, 920 mm. 

Astr: Harub, 32 miles N.E. of Sabya, 21.x.1947, 1¢ (type); wadi Harub, 
17° 15' N.; 42° 34’ E., 1,000 ft., 29. xii. 1946, 1g; Jebel Feifa, 17° 15’ N, 43° 05 E., 
1,000 ft., 1946, 1 3, 29 (G. V. Popov). 


Family TETRIGIDAE. 
EUPARATETTIX WATERSTONI, sp.n. Fig. 53-55. 


2 (type). Antenna very slender, long. 

Head strongly prominent above pronotum. Frontal ridge in profile convex 
between clypeus and median ocellus, strongly depressed at the ocellus ; strongly 
convex above, but depressed again towards the fastigium ; its surface above the 
ocellus with a deep sulcus which is triangular in section. Fastigium much narrower 
than an eye, not produced in front of the eyes ; its margins sharply raised ; median 
carinula present. Occiput granulated. 


Figs. 53-55.—Huparatettix waterstont, sp. n., female. 


Pronotum very long, reaching the apical third of hind tibia, rugulose and with 
small acute granules ; two abbreviated carinae on the disc ; median carina strongly 
wavy, inflated between the sulci; lateral carinae sharp, granulate. Lateral lobe 
with the lower margin strongly oblique ; posterior angle narrowly parabolic ; hind 
margin above semicircular, then rectangularly excised. 

Anterior and middle femur short, margins wavy. Posterior femur with strongly 
serrate upper carina; external face acutely granulate and with granulate raised 
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lobes. First segment of posterior tarsus with strongly pointed pulvilli, the first 
two equal in length, the third longer. 

Coloration brown, with black markings. Hind tibia stramineous, blackened 
apically. Hind tarsus stramineous; its second segment, and the base and apex 
of the third are black. 

Length $7, 27-5; pronotum $9,910; hind femur $5, 95-5 mm. 

Saupt ARABIA: Sail, v.1936, 19 (H. St. J. B. Philby); Sail Kebir, N. of Taif, 
13. viii. 1944, 2 2 (A. R. Waterston) ; Sail Kebir, i.1946 (B. P. Uvarov) ; wadi Baid,. 
17.ii.1945, 42 (A. R. Waterston); wadi Dhila, Asir, 23.11.1945, 2g, 39 (A. R. 
Waterston) ; Sabiya, 24.x.1946, 1g (D. Vesey Fitzgerald) ; Sabiya, upper reaches of 
wadi Sabiya, 1.i.1947, 1 g¢ (@. Popov) ; Asir, Jaheri, 16° 52’ N, 43° 08’ EH, 29. xi. 1947, 
3 2 (including the type) (G. Popov) ; wadi Beish, 17° 35’ N, 42° 35’ KE, 1 9 (G@. Popov) ; 
wadi Jowra, 17° 15’ N, 43° 00’ E, 30. xii.1946, 2g, 12 (G. Popov) ; wadi Qanuna, 
near Qunfida, 31.iii.1948; 34, 32 (B. P. Uvarov). 

Oman: Bir Sillyia, 25° 35’ N, 56° 05’ E, 192 (G. Popov). 
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NOTES ON BRITISH HYRACOTHERES. 
By Gzoree Gaytorp Smpson, For.Memb.L.S. 


(Pirates 37-40 and 4 text-figures.) 


[Read 25 October 1951.] 


British specimens of Hyracotherium, earliest genus of Equidae, have been ably 
studied by several palaeontologists, from Owen to Forster-Cooper. There are, 
nevertheless, specimens that have not been carefully studied and certain features 
even among earliest discovered specimens have not been fully described. There 
has, further, been some continuing doubt as to the relationships of Hyracotheriwm 
and Hohippus and some resistance to Forster-Cooper’s conclusion that these names 
are synonymous. Brief restudy of all the available material has therefore been 
made. One aim is to provide comparative details for projected studies of American 
specimens, also imperfectly understood, far more numerous and complete but in 
some particulars less well preserved than the British specimens. 

For the opportunity to make direct observations on the specimens, for provision 
of photographs and casts of the most important of them, and for other courtesies 
in this connection I am indebted to the late Sir Clive Forster-Cooper, F.R.S., to 
Dr. A. Tindell Hopwood and to Dr. G. R. de Beer, F.R.S., all of the British Museum 
(Natural History), also to the authorities of the Sedgwick Museum, Cambridge, 
for lending a specimen to the British Museum (Natural History) for inclusion in 
comparisons made there. 

The accompanying line drawings were copied in ink by John Germann and 
John Le Grand from pencil sketches by me. They are structural diagrams rather 
than portraits of the specimens, and may be considered as a means of interpreting 
photographic portraits of the latter. 


SPECIMENS EXAMINED. 


The following specimens of British hyracotheres have been examined. Catalogue 
numbers are those of the British Museum (Natural History). Serial numbers are 
also here assigned in order to abbreviate subsequent reference to the various specimens. 
The present serial numbers 1 to 4 and 5 and 6, in part, refer to the specimens so 
numbered by Forster-Cooper (1932). His 5 and 6 included parts of several 
individuals, and this list includes specimens not numbered by him. Numbers 
preceded by “ F.C.” refer to Forster-Cooper’s list. 


A. Lonpon Cuay. 


@. HERNE BAY, KENT. 
1. M16336. F.C. 1. (Formerly No. 1954 in the Royal College of Surgeons.) 
Well-preserved anterior part of skull, with right P2_M? and left P*—-M?. 
Tyre or H. Lzporinvuu. 
2. Sedgwick Museum, Cambridge. F.C. 2. Part of palate, with right 
P2_M3 and left P?-M?. 


b. ‘ROMAN CEMENT BED ’’, NEAR HARWICH. 

8. 44115 and M10657. F.C. 3. Nearly complete skull. The two catalogue 
numbers refer to parts of the same specimen, which has suffered various 
vicissitudes (see TForster-Cooper, 1932, and below). TYPE OF 
H. VULPICEPS. 


c. SHEPPEY. 
4, 38801. F.C. 4. Fragment of skull with right P*-M? and left P3_M?. 
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B. “ SurroLK PEBBLE BEps”’, Kyson. eee 

6,7. 36569. F.C. 6 (part). Two upper molars, probably not of one individual. 
6, unworn left molar. 7, worn right molar. SYNTYPES OF 
H. cunicutus. Forster-Cooper (1932, Pl. 51, fig. 6) labelled the 
unworn left upper molar “ type’”’, and this may be taken as fixing it 
as LECTOTYPE. 

8. 36572. F.C. 6 (part). -Left P?. Forster-Cooper, 1932, Pl. 51, fig. 7 A. 

9-10. M14113 (formerly included under 36569). Two right M,’s. 9, specimen 
figured by Forster-Cooper, 1932, Pl. 51, fig. 9. 10, lower specimen 
in loc. cit., fig. 8. 

11. M14112 (formerly included under 36572). Left P?. 


C. BuackHEATH BEeps, ABBEY Woop, Kent. 


a. SPECIMENS EARLIER ACQUIRED. 


5. M13761. F.C. 5 (part). Right P?-M?2 of same individual. 

12. M13762. F.C. 5 (part). Left M%. Possibly, but improbably, of same 
individual as M13761. 

13. M13763, M13764, M13765. F.C. 5 (part). The first two numbers apply 
to parts certainly of the same individual and include right dm,, M,_». 
M13765 is a right dm;, probably but not surely of the same individual. 
Forster-Cooper considered M13763 as ‘“‘ apparently belonging ”’ to the 
same individual as M13761-2, but this seems to be incorrect, as 
M13761 is almost certainly an older animal than M13763-4. 


b. PRESENTED 1933 BY TRUSTEES OF THE GODMAN FUND. 
14. M15140. Isolated right M! or M2, lacking ectoloph. 
15. M15139. Isolated left M3 (2). 

16. M15138. Isolated left dm‘. 
17. M15143. Isolated right M, or M,. 


SKULL AND LowzR Jaw. 


Specimen 3 has suffered some damage, but it is still much the best known skull 
of Hyracotherium. As found, it was probably absolutely complete, with both sides 
of the lower jaw also complete and articulated with the skull. The specimen is 
unweathered and almost entirely unaffected by crushing. Several essentially complete 
skulls have been found in the United States, but all are so badly weathered, or 
crushed, or both, that they lack many details and are unreliable as to proportions 
and some sutures. Some of them, not yet adequately described, do reveal important 
characters of the ear region and the basicranium, not preserved in known European 
specimens. 

As related by Forster-Cooper (1932), specimen 3 was found by the 
Rev. Richard Bull, who sent it to Owen. Owen had the left upper and lower jaws 
sawed off, as well as a separate piece containing the left ear and most of the 
basicranium. After being described and figured (Owen, 1858), the main piece was 
returned to its discoverer and the piece with left upper and lower jaws retained in 
the British Museum. The main piece was lost from sight for a time, but was later 
rediscovered and added to the British Museum collection. The piece with the 
basicranium and left ear is still missing. Mr. L. E. Parsons separated right upper 
and lower jaws and further prepared the specimen for Forster-Cooper. All external 
details are now beautifully shown except the basicranium (sawed off and lost), the 
ear region (removed and lost on the left side, damaged and obscure on the right) 
and much of the orbital wall (still matrix-covered). The incisors and canines were 
shown on the left side of the upper jaw and both sides of the lower jaw in Owen’s 


figure, but all have since been broken off and lost. The cheek teeth are still well 
preserved. 
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The observed features of this skull are sufficiently clear in the accompanying 
sketches (figs. 1, 2 a) to make verbal description unnecessary. 

Specimens 2 and 4 both preserve parts of the facial and orbital regions, but show 
nothing not better seen in 3, with which they agree. 


} i j l 1 view, left side 
— otherium, skull and associated lower jaw. Specimen 3. A, dorsa, Ww, g 
on Be ed as mirror image of right. B, right lateral view. C, medial view of right 


lower jaw. All x 3/4. 


i 1 reveals features of the palate and of the orbital wall not determinable 
Pre ner rons and not previously described or illustrated. The specimen 
has been figured by Owen (e.g. 1846) and by Forster-Cooper (1932), but Owen 8 
side view has no accurate detail in the orbit and Forster-Cooper gave a palatal view, 
only, to show the teeth. (See figs. 2 b, 3.) 
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Allowance made for the marked differences of proportions, the relationships 
of the bones in the orbital wall are more or less as in Equus. _The most eee 
difference is the greater anterolateral, less dorsoventral, extension of the Sg ane 
bone in this region. A crack or suture crosses the ascending plate of the sp eet 
complex. Although more probably a post-mortem feature, it does approximate t e 
position of a suture sometimes present in Equus between the pterygoid (below) an 
orbital (above) wings of the sphenoid, which ossify from separate centres. 

In the frontal bone but immediately anterior to the frontal-sphenoid suture 
there is a small distinct foramen. In the posteroventral part of the orbital facies of 
the sphenoid are the openings of three canals. The most anterior is nearly circular 
and large, the largest foramen in the orbital region. Immediately postero-lateral- 
ventral to this, but distinctly separate, is a smaller, still prominent foramen. 
Lateral to this on the specimen is a groove evidently representing the medial wall 
of a canal of which the lateral wall has been broken away. When complete, the 
anterior opening of this canal must have been poorly or not distinguishable in external 
view from the foramen next medial to it (fig. 3c). 


Fic. 2.—Hyracotherium, palate. A, ventral view of posterior palatal and zygomatic regions of 
specimen 3. B, ventral view of left side of palate of specimen 1. Both sketches are 
somewhat diagrammatic. Approximately x 3/4. 


Interpretation of these canals and foramina presents some difficulties. The: 
most anterior foramen, in the frontal, is almost surely the ethmoidal foramen, which 
occurs in this region in Hquus, but is usually relatively nearer the foramina in the 
sphenoid, and is on the frontal-sphenoid suture rather than in the frontal. In an 
American hyracothere, less well preserved in this region, Edinger (1948, fig. 2 and 
p. 26) also found a foramen well anterior to the (or the other) foramina in the sphenoid. 
She could not determine the bone pierced by this foramen, which, unless the structure 
is radically different in the American and Kuropean forms, would appear to be the 
homologue of the ethmoidal foramen of the British specimen. Edinger found, 
however, that the foramen in her specimen “ is the slit-like opening of a canal running 
backwards inside the skull base: it is the optic foramen”. The apparently 
homologous foramen of the better preserved British specimen certainly is not the 
optic foramen. It may also be noted that in Equus the ethmoidal canal, although 


very short, does run somewhat posteriorly, and not purely transversely, into the 
base of the anterior endocranial fossa. 


The three more posterior forami 
correspond with those identified by 
foramen sphenorbitale, foramen rot 


na and canals in our Spectmen 1 seem to 
Edinger in her American specimen as the 
undum and alar canal, in sequence from 
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anteromedial to posterolateral. In her figure the apertures are shown i 
tinctly separated, but this could be due Pike more aoe condition of ins aoe 
or could be a slight specific difference in proportions. It seems, however, almost 
certain in British specimen 1 that the optic nerve, IT, must have passed through 
the most anteromedial of these foramina. If III, IV, V1 and VI also had their exit 
here, then optic and sphenorbital foramina are confluent, externally, in a common 
foramen lacerum anterius, a condition unlike Hqwus which Cope believed to exist in 
the specimen described by Edinger, but which Edinger contradicts. 

If, on the other hand, this foramen in British specimen 1 carried cranial 
nerve II, only, as aseparate optic foramen it would be remarkably although 
perhaps not impossibly, large and would be followed by a smaller sphenorbital 
foramen with confluent opening but separate canal for V?. There would then be 


(7 / 
AW ee) mm he) 


Fic. 3. Hyracotherium, face and orbit. Specimen 1. A, left lateral view of whole specimen. 
B, details in anterior part of orbital wall. B’, details of pit in posteroventral part of 
lacrimal bone. CG, details in posterior part of orbital wall. A, x3/4. B, B’, C, enlarged, 


not to exact scale. 


no trace of an alar canal on this specimen, although such might be entirely broken 
away. Edinger identified a rather obscure but probable alar canal on her specimen. 
Strict homology on this basis between British and American specimens would 
demand that Edinger’s foramen for V2 be for III, IV, V1, V? and VI and that it be 
double, of which her figure gives no sign, and her description says nothing. 

In Equus in this region there are four separate canals: (1) for H, (2) for III, 
IV, V! and VI, (3) for V?, and (4) the alar canal. All but the first emerge under a 
flange of the sphenoid and are not distinctly separable in strict lateral view. 
Hyracotherium would most resemble Equus if the more anterior of the three foramina 
and canals visible in the sphenoid were an optic foramen alone and the next two were 
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for III, IV, V! and VI, and for V?, respectively, with the alar canal (if any) broken 
away. Yet on the evidence of the fossil specimens alone, it seems somewhat more 
probable that the three apertures in specimen | are the foramen lacerum anterius 
(with confluent optic foramen), foramen rotundum and alar canal. It seems possible 
that this specimen and Edinger’s have homologous foramina, but if so, her 
identifications of them cannot be altogether correct. If she is right, then there is 
here a remarkable difference between American and European species which are 
extremely similar in all other known characters. 

In the more anterior part of the orbit (fig. 3 6), near the angle of its floor and 
medial wall, there is a large foramen in the palatine bone identifiable with some 
probability as the maxillary foramen or posterior opening of the infraorbital canal, 
even though it is unusual for this to have so posterior a position and to be wholly 
within the palatine bone. Posterolateral to this, still in the palatine but near its 
suture with the maxillary, are two much smaller internal orbital foramina. The 
larger and more anterior of these may be the sphenopalatine foramen, which in 
Equus has been incorporated with the maxillary foramen and posterior palatine 
foramen in the deep pterygopalatine fossa. Two still smaller, presumably vascular 
foramina occur in the orbital floor in the maxillary near its suture against the 
palatine. 

There is a lacrimal tubercle on the orbital rim and the lacrimal foramen is below 
this, within the orbit, very much as in Equus but also very much as in Phenacodus, 
for example. (The lack of facial expansion of the lacrimal in Hyracotherium is 
condylarth-like and strongly different from Equus.) In the most posteroinferior 
part of the lacrimal, at its contact with the palatine, there is a pocket of considerable 
size (fig. 36’). In its deepest part are two pits, possible foramina but probably 
not patent, separated by a ridge. The significance of this feature is highly doubtful, 
but it might possibly be a point of origin for eye muscles comparable to or 
homologous with the shallower pocket for the m. obliquus orbiti inferior in Equus. 
That pocket in Equus is considerably more dorsoanterior, near the lacrimal foramen, 
but the difference might be related to the relatively larger eye of Hyracotherium. 

No specimens of Hyracotherium known to me have a supraorbital foramen, 
although a fairly strong supraorbital process is uniformly present. In specimen 1 
there are two tiny vascular foramina beneath this process and two others, somewhat 
more prominent, on the lateral cranial wall in the frontal posterior to the process. 

Other features of the skull in specimen 1 are probably sufficiently clear and 
identifiable in the accompanying sketches (figs. 2 6, 3). 


Notes on DenvTAaL VARIATION. 


The cheek teeth of British hyracotheres have been so well described and 
illustrated (e.g. Forster-Cooper, 1932) that a general re-description is not necessary. 
Some notes on special points of structure and variation may, however, be of value 
and are not repetitive. 

P? is a particularly variable tooth in hyracotheres. In the early Eocene it had 
not been fully incorporated into the posterior dental battery. Subsequent history 
(in American forms) shows that it evolved rather steadily and rapidly throughout the 
Eocene and into the Oligocene, when it finally came fully into the field of molarization 
and tended more to vary and evolve with the series as a whole. 

P* is always somewhat triangular, but the outline varies greatly. (See fig. 4.) 
In specimen 2 the outline is almost symmetrical. In all other British Specimens 
certainly identified as P® of Hyracotherium the outline is distinctly asymmetrical 
but in two different ways. In 1, type of H. leporinum, 5,8 and 11 the posterior side 
is longer and more curved and the protocone is more anterior, almost directly 
internal to the paracone. In 3, type of H. vulpiceps, and 4 it is the anterior border 


that is longer and more curved and the protocone is nearly internal, only sli 
anterointernal, to the metacone. . us vanes 
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All specimens of P? examined have an incipient protoloph running from the 
protocone toward the parastyle but not well connected with the latter. A protoconule 
is always present on the incipient protoloph, with some variation in prominence or 
exact position. P of specimen 4 is peculiar in having a cuspule, probably the 
protoconule homologue, immediately anteroexternal to the protocone and another, 
vague, smaller cuspule anteroexternal again to this. In comparison with American 
forms, this is a progressive character suggestive of the middle Eocene Orohippus. 

In most cases there is no sign of a metaloph, but there is a vague papilla or 
wrinkling in the metaconule region. In specimen 8 there is a definite but minute 
cuspule which is more anterior than is usual for a metacone, and the closely similar 
specimen 11 has two extremely small cuspules similarly placed. Specimen 4 does 
not have even a vague trace of a metaconule. Specimen 2, aberrant in several 
respects, is the most peculiar as regards this region. It has a definite crest running 
anterointernally from the metacone to the protocone, a feature so sharply distinctive 
from other hyracotheres as to suggest the immediate effects of a mutation otherwise 
absent in our samples, and hence evidently not spread by selection. 


Fie. 4. Hyracotherium, crown views of P*. Teeth are from the right side as shown, but B has 
been reversed from the original for ease of comparison. A, specimen 1. B, specimen 8. 
C, specimen 12. D, specimen 3. EH, specimen 4. F, specimen 2. All x3. 


Two isolated teeth from the Blackheath beds, M15141-2, have been placed with 
the hyracotheres and somewhat resemble P® of this group. They are nearly 
symmetrically triangular, with crests running both antero- and postero-externally 


“from the protocone and with strong, subequal, crescentic protoconule and 


metaconule. These are rather like P? of specimen 2, but they are even more distinct 
from any other specimens surely referred to Hyracotheriwm, to such a degree that 
reference to that genus is improbable. They may be molars of Protodichobune. 

P4 is represented by only five specimens (1, 2, 3, 4 and 5), but these are rather 
uniform in structure and suggest that P* was decidedly less variable than P*. ‘The 
protocone is relatively anterior in position in all (least so in specimen 4) and there is 
a small metaconule in each case (also least in 4), which may be vaguely double 
(most distinct in 5). 
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The molars are also fairly uniform in basic structure. 
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As an example of the 


endless variation in minor details, the condition of the internal cingulum may be 


noted :— 
SPECIMEN CINGULUM on: 
M+ M? Me 

1 Not across protocone, slight As M1. Slight break on protocone, 
break on hypocone. strong on hypocone. 

2 Not across protocone, slight Slight break on protocone, Weak on protocone, not 
break on hypocone. continuous on hypocone. across hypocone. 

3 Continuous across proto- As M'. As M? and M?. 
cone, not across hypocone. 

4 Probably not across proto- Not across protocone, con- Weak and interrupted on 
cone, continuous and tinuous and without protocone, continuous 
with cuspules on hypo- cuspules on hypocone. across hypocone. 
cone. 

5 Continuous across proto- Somewhat discontinuous on (Tooth absent.) 


cone, slightly interrupted 
on hypocone, small cus- 


protocone and hypocone, 
distinct cuspule antero- 


pule anterointernal to internal to hypocone. 


hypocone. 


Isolated teeth include other variants, including one (specimen 6) with the 
cingulum continuous across both protocone and hypocone. This happens to be 
the type of H. cuniculus, but the evident degree of variation’ and the fact that no 
two specimens have the same development of the cingulum, show that its characters 
are not clearly diagnostic of species in this group. 

There is also much variation in size, as shown in the accompanying table of 
measurements. 


SPECIES. 

Forster-Cooper (1932) recognized the three previously named species, H. leporinum, 
H. vulpiceps and H. cuniculus, noting that the first two are ‘“‘ very close together ”’. 
The first two types are from the London Clay but from different localities : Herne Bay 
and Harwich, respectively. Their relative levels within the London Clay have 
not been, and perhaps cannot be, established. The type of H. cuniculus is from the 
“ Suffolk pebble beds ”’ and is supposedly somewhat older than the other two types. 

On the basis of the types, H. leporinwm and vulpiceps look quite distinct. 
H. leporinum has P* with anterior protocone ; molar mesostyles moderate ; rostrum 
short, high and narrow ; orbit large and lateral ; dentition slightly larger. H. vulpiceps 
has P® with posterior protocone ; molar mesostyles smaller and vague ; tapering 
rostrum longer, lower and broader; orbit smaller and directed more dorsally ; 
dentition slightly smaller. Yet, as so often happens when species are originally 
based on single specimens, discovery of even a few more individuals has cast doubt 
eran alae? of these ee No other specimens show exactly the same 

istinctions as these types and none can be r 1 1 i 

ol par cenes ae eferred with real clarity to one species 

Specimen 2, referred to H. leporinum by Forster-Cooper, resembles that type in 
having rather large teeth and definite molar mesostyles, but its P3 is unique (as 
noted. above). Specimen 4, referred to H. vulpiceps by Forster-Cooper, has P? much 
as in that type, but even more extreme in its difference from the type of H. leporinum 
Its mesostyles are, however, more as in leporinum although more beaded, and the 
teeth are nearer the type of leporinum in size. There is little choice between 
putting each of the four best London Clay specimens in a different species, which 
is an ecological improbability, or placing all in one Species, which is by usual 
standards, a morphological improbability. 

The London Clay may reach a thickness of 450 feet, and there is clear evidence 
of successional faunal change in the marine organisms (Wrigley, 1924). There 
may well be temporal progression as well as contemporaneous variation in the 
leporinum—vulpiceps complex, but I see no possible way to group these specimens 
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in sound systematic units while so few individuals are known and they are of unknown 
relative ages. 

The small suite of specimens from the “ Suffolk Pebble Beds ”, Kyson, seems to 
be fairly uniform as to horizon and locality and distinctive in origin from the 
leporinum-—vulpiceps group. Only six isolated teeth are available. They include 
the type of H. cuniculus, and all were referred to that species by Forster-Cooper. 
There are slight structural differences from the London Clay types, as he pointed 
out, but in view of the great variation in the latter, and the small amount of 
comparable material, none of these differences can be taken as known features 
of distinct taxonomic groups. The specimens are all markedly smaller than any 
known from the London Clay. The two specimens of P3 are essentially as in the 
type of H. leporinum except for their smaller size. The evidence is sufficient to 
conclude that H. cuniculus is probably a distinct species, but one that remains poorly 
known and inadequately defined. 

Specimens from the Blackheath Beds, Abbey Wood, constitute another small 
suite of materials of fairly uniform and distinctive horizon and locality. The best 
specimen, 5, was referred to H. vulpiceps by Forster-Cooper, who pointed out that 
it is in some respects intermediate between the types of vulpiceps and leporinum 
and in some different from both. The structure of P? is decidedly closer to the type 
of leporinum although, like the other teeth, it nearly agrees in size with that of 
vulpiceps. 

Specimen 13, with the same field data, was considered as probably the same 
individual as 5 by Forster-Cooper, but this is almost certainly incorrect. The teeth 
preserved in 13 are surely dm,-M,, not P,-M,, and 13 is a decidedly younger 
individual than 5. M,_, are somewhat smaller than in the type of vulpiceps, but 
otherwise similar. The size discrepancy is greater than in comparison with the 
upper teeth from the same place. Several isolated teeth were acquired from this 
locality after Forster-Cooper made his study—but they do not change the picture. 
They, too, suggest rather small individuals of the leporinum-—wulpiceps group. 
Except for this slightly smaller average size, which is not enough to be clearly 
significant, I see nothing more primitive in the Blackheath specimens as compared 
with those of the London Clay, in spite of the fact that the former are presumably 
older. They belong to the same general group, but there is no good way to associate 
them specifically with H. leporinum or H. vulpiceps if those are considered different 
species. The older specimens might represent a temporal subspecies ancestral 
+o the London Clay group, but present data cannot confirm this or permit a meaningful 
definition. 


HYRACOTHERIUM AND EouIPPus. 


Forster-Cooper (1932) summarized the history of opinion on the question of the 
synonymy of Hyracotheriwm and Hohippus and concluded that they are synonymous. 
I have re-examined this question and made still more extensive and reliable 
comparisons directly between a good suite of American specimens (“ Hohippus ”’), 
originals and casts, and all the known British material of Hyracotherium. Although 
I had some hopes of saving the well-known name Hohippus in technical usage, 
I am forced to conclude that the synonymy is beyond serious question. I propose 
to continue use of the word “eohippus”’ as a vernacular name for species of 
Hyracotherium, whether European or American, in analogy with the use of the 
familiar but antedated name “ platypus ”’ for Ornithorhynchus. ae, 

I can find no even approximately constant character that distinguishes the 
European and American species. It is easy to find differences between particular 
specimens or species, but when series of specimens are considered the differences are 
no greater than those between, or indeed within, various species of “ Hohippus” or 
of European Hyracotherium. For instance, it is true that some American specimens 
are more lophiodont than some British specimens (one of the supposed distinctions 
between Hohippus and Hyracotherium), but it is also true that some American 
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specimens are Jess lophiodont than other British specimens. Particular features of 
loph connections, cingula, cuspules, etc., are highly variable in both groups, but the 
repertories are about the same. As another example, the mesostyle, supposed by 
Depéret to be absent in Hyracotherium and present in Hohippus, is, indeed, nearly 
or quite absent in some British specimens (3, 6), but it is quite definite in others 
(1, 2), more so than in the average earliest Eocene ‘‘ Hohippus”’, in which, also, this 
feature is quite variable. 

It ig also impossible to confirm Depéret’s conclusion, which seems still to be 
a rather general impression among paleontologists, that the European forms are more 
primitive than the American. As far as the too scanty materials can show, this is 
certainly not true of British Hyracotheriwm as against American “ Hohippus” as 
a whole. H. cuniculus, too poorly known for firm conclusions, may be about as 
primitive as the more primitive American Wasatchian forms, but there is no 
indication that it is more primitive. Some variants in the leporinum—vulpiceps 
complex seem to be more advanced than the earliest Wasatchian hyracotheres and 
more nearly comparable with late Wasatchian species in America. A firm conclusion 
is not possible now, but it may well prove that the “ Suffolk Pebble Beds’ and 
Blackheath Beds forms are most comparable with earliest American hyracotheres 
(e.g. Sand Coulee of Granger) and some of the London Clay forms with distinctly 
later American allies (e.g. Wind River). 

There is a strong psychological tendency to give different names to animals from 
different continents, but there is no good reason why early Eocene European and 
American mammals should be expected, a priori, to show generic differences. The 
faunas are closely similar, and consensus and long usage agree in recognizing a number 
of identical genera on the two continents at that time. There are, in fact, a number 
of identical Recent genera in Great Britain and the United States which must owe 
the identity to spread over many thousands of miles, right across Asia and the 
vanished Bering Bridge. Evidently the way was not longer and not more likely 
to involve generic differentiation in the early Eocene. ; 

Loss of the familiar and more appropriate generic name Hohippus from technical 
nomenclature follows from zoological and not purely nomenclatural grounds. It. 
cannot be imputed to an unfortunate application of the law of priority. The name 
Hyracothervum has also been in constant use, and suppression of Hohippus results 
from the taxonomic conclusion that the supposed genera are in fact inseparable. 


SUMMARY AND CONCLUSIONS. 

1. The holotype of H. vulpiceps, nearly complete and uncrushed, is the best 
known skull and jaws of Hyracotherium. It is refigured to show the structure more 
clearly than in previous published illustrations. 

2. The holotype of H. leporinwm, also uncrushed but fragmentary, reveals 

foramina and other details of the orbital wall. Exact homologies are dubious, in 
part, but the various possibilities are pointed out. In any case there are significant 
differences from Hquus. 
_. 8. Teeth of hyracotheres are extraordinarily variable. No two specimens are 
in really close agreement. This is especially well exemplified by P?, which seems 
not yet to have been fully brought under a unified field control of the cheek-tooth 
series. 

4. Specimens from the London Clay do not suffice to show whether their strong 
variation was segregated into two or more separate specific populations or was 
manifested in a series of interbreeding populations, perhaps with some progressive 
temporal change. The two supposed species, H. leporinuwm and H. vulpiceps, have 
not been soundly differentiated or defined, and, apart from the types, no specimen 
can be confidently placed in one species rather than in the other. The older species 
H. cuniculus, from Kyson, is probably distinct but also lacks adequate definition. 
Specimens from the Blackheath Beds are more like those from the London Clay 
but are also impossible to allocate soundly as to specific or subspecifie relationships. 
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_5. There are no constant or surely significant structural differences between 
British and Amercian early Eocene hyracotheres as now known, and Forster-Cooper 


must be followed in considering Hohippus as a synonym of H. yracotherium, 
Kohippus ” might well be retained as a vernacular name for H. yracothervum. 


6. British specimens of Hyracotheriwm are not, as a group, more primitive than 
American specimens. Most British specimens are about as advanced as those found 
in the early Eocene of the United States. The perhaps most primitive British 
specimens are not clearly more primitive than the oldest American forms, and some 


London Clay specimens seem to compare best with rather advanced, late Wasatchian, 
American forms. 
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TABLE I. 


MEASUREMENTS OF TEETH OF BRITISH _HYRACOTHERES. 


Measurements in millimetres. L=greatest length in an anteroposterior line (not on the 
oblique ectoloph). W-=greatest width at a right angle to the length. 
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Cooper : 
ile By pe G40 Sane ie 47> 8-782 O- de Ue LO-5 8-5 99-9 
2.0) ca.6ca.4 7:0 71 80 89 84 10-2 9-0 11-2 86 10-3 
London Clay, referred to 
H. vulpiceps by Forster- 
Cooper: 
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Lower. TEETH. : ry En 
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London Clay, H. vulpiceps : 
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by Forster-Cooper : 
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EXPLANATION OF THE PLATES, 
PLATE 37. 


Hyracothertum, specimen 3. Skull. 
. Right lateral view. 
. Dorsal view. 
Palatal view. 
All natural size. 


QW > 


PLATE 38. 
Hyracotherium. Lower jaws. 


. Right lower jaw of specimen 3, lateral view. x1. 
. Right lower jaw of specimen 3, dorsal view. x1. 
Right lower jaw of specimen 3, medial view. x1. 
. Left lower jaw of specimen 3, dorsal view. x 2. 
Right lower jaw of specimen 13, dorsal view. x2. 


HOOD 


PLATE 39. 
Hyracotherium. Palates. 


A. Specimen 1. x 1-2/3. 
B. Specimen 2. x2. 
Puate 40. 

Hyracotherium. Palate and upper teeth. © 
A. Specimen 4, palate. Slightly less than x 1-1/2. 
B. Specimen 5, right P?-M2, x 2. 
C. Specimen 15, left M3. x 6-28. 
D. Specimen 16, left dm*. x 4:19. 
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ON THE NAME OF THE GROUND FLUKE FASCIOLA TERRESTRIS OF. 
Muller, ON OTHELOSOMA SYMONDSIGray, AND ON THE GENUS 
AMBLYPLANA von Graff. By C. F. A. Pantry, from the Departments of 
General and Animal Physiology and of Zoology, of the University, Sao Paulo, 
Brazil, and the Zoological Laboratory, Cambridge, England. 


(Puates 4/—43 and 1 text-figure.) 


[Read 23 October 1952.] 


The common terrestrial planarian Fasciola terrestris O. F. Miiller is well known 
mn Europe under the name of Rhynchodemus terrestris (O. F. Miiller), in accordance 
with the monograph of von Graff (1899). Recently Hyman (1943) brought forward 
evidence that the type species of the genus is not terrestris as many supposed but 
Rhynchodemus sylvaticus (Leidy), and that the difference between terrestris and 
sylvaticus is of at least generic magnitude. The chief points of difference concern 
the organization of the musculature and of the genitalia. 

Hyman’s work shows that terrestris can no longer be a Rhynchodemus. To supply 
a new generic name for it she concludes from a paper of von Kennel (1882) that 
terrestris generically resembles another species, Geodesmus bilineatus Mecznikow. 
She therefore names it Geodesmus terrestris (O. F. Miller) and makes far-reaching 
changes in the nomenclature of the Rhynchodemidae on this basis. 

But in a recent paper (Pantin, 1950) I have shown that animals which correspond 
to Mecznikow’s Geodesmus bilineatus are in fact congeneric with Rhynchodemus 
sylvaticus, the very genus from which terrestris must be separated. Geodesmus thus 
becomes a synonym for Rhynchodemus ; and since terrestris is not a Rhynchodemus 
it cannot be a Geodesmus either. The species terrestris is thus left without a generic 
name. It is the primary object of this paper to try to supply this deficiency. 

Let us first examine the species of the family Rhynchodemidae. If there are 
any species which can be shown to be generically related to terrestris, and which were 
at some time given some generic name other than Rhynchodemus, then that other 
name may become a possible candidate for the generic name of terrestris. The work 
of von Graff (1899), Heinzel (1929), Hyman (1943), Corréa (1947), Prudhoe (1949) 
and others shows that the majority of species of the Rhynchodemidae are generically 
distinct from terrestris, except for those which have always been called Rhynchodemus. 
There are certain species which fall outside this category ; their descriptions are too 
meagre to enable their relationship to be determined with certainty. This is true 
of the genus Nematodemus founded by von Graff (1896) to include the sole species of 
N. lumbricoides von Graff, 1896. But even here, von Graff gives one important 
character, the absence of a creeping sole, which surely distinguishes this animal from 
terrestris. Moreover, he later (von Graff, 1899, p. 85) considered this genus to be 
possibly related to his ‘ Rhynchodemus, group B’, which included R. sylvaticus, 
yather than to his ‘group A’, which included terrestris. Sections of this specimen by 
my friend Mr. 8. Prudhoe, of the British Museum (Natural History), confirmed a 
suspicion that Nematodemus lwmbricoides is not a planarian at all but is a nemertine. 
It is, in fact, a heteronemertine. Mr. Prudhoe writes to me: * it seems that in 1874 
a certain Mr. Holdsworth presented to the Museum a collection of polychaetes, among 
which was a specimen identified (by Dr. Edward Grube) as ° Geoplana sp.. Von 
Graff, who reclassified our collection of triclads, assumed this specimen to be a land 
planarian, but not, however, a Geoplana, hence his description and designation of 
Nematodemus lumbricoides. It does not seem possible to discover more precise 
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information on where the specimen was actually found. But it is reasonable to 
suppose that, in view of its systematic relationship, it was collected with the poly- 
cchaetes from the littoral regions of Ceylon.” 

Excluding this genus Nematodemus, there are within the Rhynchodemidae three 
generic names which must be considered seriously in relation to terrestris : Othelosoma, 
Amblyplana, and Microplana. 


OTHELOSOMA. 


Of Othelosoma symondsi Gray, 1869, the sole species of its genus, von Graff’s 
(1869, 1899) examination of the type specimen was able to add little to Gray’s 
uninformative account. Heinzel (1929) and Bresslau (1933) rightly concluded that, 
as with Nematodemus, too little was then known to determine its systematic position. 
Mr. Prudhoe has kindly enabled me to examine the type specimens of O. symondsi 
from the British Museum (69.2.20.1). Von Graff defined the genus Othelosoma as 
‘“Rhynchodemids in which the anterior end bearing the eyes is separated from 
the body by a furrow, and with a narrow creeping sole”. This distinctiveness of 
the head is probably not a permanent feature but is due to excessive contraction of 
the specimen caused by a powerful retractor muscle to be presently described. 

The sections of O. symondsi at once reveal some affinity with terrestris and its 
allies. There is the same weak dermal muscular layer (Pl. 4/, fig. C), and the 
strong superficial longitudinal muscle bundles characteristic of Rhynchodemus 
sylvaticus and members of von Graff’s ‘group B’ are absent. Like the terrestris 
group, there is a large penis with a large papilla. 

On the other hand, the genitalia of O. symondsi show no ductus genito-intestinalis, 
though one, or even two, of these ducts commonly occur in terrestris when sexually 
mature (von Graff, 1899; Bendl, 1908, 1909). Further, O. symondsi has a seminal 
bursa connected with the genital atrium by two separate exits (text-fig. 1). One of 
these corresponds to a ductus vaginalis, the other to Beauchamp’s canal which, after 
junction with the united duct of the oviducts, continues as the canalis anonymus to 
the atrium. These features are those given by Heinzel (1929) and Hyman (1943) as 
characteristic of the genus Artiocotylus, and distinguish it generically from terrestris. 
If, as seems reasonable, we accept the conclusions of these authors, we must conclude 
that the difference between terrestris and Othelosoma is of generic magnitude and that 
we cannot therefore call terrestris an Othelosoma. 

Othelosoma not only resembles Artiocotylus in the peculiar plan of the genitalia, but 
also in the general characters of the musculature. The weak terrestris-type of dermal 
musculature is to be found in both. Moreover, in both, the deep longitudinal 
musculature of the dorsal anterior region is much more strongly developed than in 
terrestris (Pl. 42, fig. A). No differences of generic magnitude are apparent between 
Othelosoma symondsi and Artiocotylus speciosus. It is true that von Graff (1899) 
describes ‘ suckers "in Artiocotylus. But as Heinzel (1929) showed, the double suckers 
of A. speciosus on which von Graff originally named this genus are not well- 
differentiated structures and consist simply of two areas of secretory ectoderm. In 
Othelosoma, similar areas are in fact also to be seen similarly situated on each side of 
the anterior part of the creeping sole (Pl. 22, fig. A), though they are less developed 
than in Artiocotylus. When we consider the musculature, the genitalia, and these 
other features, it is evident that Othelosoma symondsi corresponds completely with 
the whole of Heinzel’s (1929) definition of the genus Artiocotylus. And since Othelosoma 
Gray, 1869 has temporal priority over Artiocotylus von Graft, 1896, Artiocotylus now 
becomes a synonym for the generic name Othelosoma. 

The single original species Othelosoma symondsi Gray is the type species of its 
genus. Its adequate description is therefore important. It was found in Gaboon 
West Africa. The other species of Otheloscma placed by Heinzel in the genus 
Artiocotylus are also African. O. symondsi was necessarily defined by von Graff (1899) 
on superficial characters : the small retracted head with two small eyes, apparent] 
separated from the body by a furrow; the narrow creeping sole ; the ie 
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Bee pony ; the three broad black lines, a median and two lateral, on the 
Fe ite apterous oilee oll dosent cee ee 
rs » sym: 1er well-described species : notabl elo: 
at ee speciosum (von Graff) from the Cape a Good ates nee 
aie rocotylus, = Amblyplana] notabilis (von Graff) from the Cameroons, re-described 
y Heinzel, and Othelosoma [= Artiocotylus, =Amblyplana\ cylindric m (de B 
champ) from Kenya. : esi iit 
O. symondsi shows specific differences from these. In th itali 
symondst each of _the swollen vasa deferentia turns sharply reeroraNcg TN 
towards the anterior end of the animal. They then run forward as a pair of rae 
narrow ducts as far as the anterior end of the wide ductus ejaculatorius or vesicula 
seminalis, as it may here be called. Here they unite to form a narrow common duct 


which pierces the thick intrinsi : 
eae s the thick intrinsic musculature of the ductus (text-fig. 1) and enters its 
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Trxt-Fie. 1.—Camera lucida sagittal reconstruction of genitalia of O. symondst Gray. 


Von Graff’s account and figure of O. notabilis show that its similarly swollen vasa 
join and enter the vesicula, in this species apparently without any narrow recurrent 
duct or final common duct. In von Graff’s figure of O. speciosum the vasa are also 
swollen as in the other species. But here each opens independently into the vesicula. 
The same is true of O. cylindricwm (de Beauchamp, 1913). 

In all four species the cavity of the penis is continued anteriorly as a long contorted 
extension of the vesicula seminalis and is surrounded by an intrinsic muscle layer. 
This whole system is embedded in a loose mass of muscular tissue which is in turn 
enclosed within an outer muscle tunic (Pl. 42, fig. B and text-fig. 1). The intrinsic 
musculature of the penis and vesicula shows specific variation. In O. symondsi it is 
evenly developed as a continuous thick layer chiefly of circular muscle. In 0. 
notabilis the intrinsic musculature of the penis is divisible into an inner and middle 
layer, of which only the middle layer continues into the vesicula. The intrinsic 
musculature of the vesicula is thus weaker than that of the penis (von Graff, 1899). In 
O. speciosum there is a similar differentiation of the intrinsic musculature into an inner 
and outer region. But in this case the inner layer is four times as thick over the 
vesicula as in the penis, and the middle layer loses itself in the sparse surrounding 
musculature enclosed by the outer tunic (von Graff, 1899). In these three species the 
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vesicula is lined with abundant glandular epithelium, with similar granular cells. 
Sections of O. symondsi show these to be arranged in longitudinal ridges, apparently 
with a core of branching fibres of muscle. On the other hand, whereas in O. notabilis 
and O. speciosum the penis itself is lined with simple ciliated epithelium (von Graff, 
1899), in O. symondsi the penis-lining consists of longitudinal ridges of glandular tissue 
like that of the vesicula, though with cells of a different cytology and more deeply 
staining (Pl. 42, fig. B). How far this distinction is real, and how far it may be due to 
histological differences consequent on different states of sexual maturity in the 
described specimens, is not known. 

O. cylindricum differs somewhat from the other species. At the entrance of the vasa 
deferentia the ductus ejaculatorius is enlarged as in the other species to form a vesicula 
seminalis which is surrounded by a thick intrinsic musculature. But at the base of 
the penis the vesicula of cylindricum becomes a narrow convoluted canal, with a 
thinner muscular coat, the ductus ejaculatorius proper. This narrow canal finally 
becomes straight and runs to the tip of the penis through the powerful extrinsic 
musculature of that organ (de Beauchamp, 1913). 

There are similar specific differences in the female genitalia. All four species 
have the generic character of a large ‘uterus’ or ‘ bursa seminalis’ lined with 
vacuolated glandular cells. But whereas in O. symondsi and O. cylindricum (see 
de Beauchamp’s fig. 2) the bursa is some 0:8 mm. long in an animal some 2 to 3mm. in 
thickness, in the other two species the bursa becomes enormous, reaching 2-3 mm. in 
O. notabilis (Heinzel, 1929) and of similar size in O. speciosum (von Graff, 1899). 

The generic characters of ductus vaginalis, canalis anonymus, and Beauchamp’s 
canal are common to all the species, but here too their relations differ in detail. In 
O. symondsi, as in O. cylindricum (de Beauchamp, 1913) and O. notabilis (Heinzel, 
1929), the ductus vaginalis opens into the female genital atrium above the entrance of 
the canalis anonymus; whilst von Graff (1899) shows (his text-fig. 59) that in 
CO. speciosum the ducts cross over, so that the entrance of the canalis anonymus is the 
more ventral. On the other hand, in O. symondsi, and by von Graff’s (1899) account 
in O. speciosum also, the ductus vaginalis and Beauchamp’s canal unite before opening 
into the cavity of the bursa seminalis ; whereas Heinzel (1929) figures these two canals 
opening separately into the bursa in O. netabilis. And in O. cylindricum the separation 
is extreme, the very large ductus vaginalis sweeping backwards and upwards to enter 
ee dorsal side of the bursa seminalis, whilst Beauchamp’s canal opens on the ventral 
side. 

In addition to the species we have discussed, Heinzel places three others in the 
genus Artiocotylus, namely caffer (Jameson), flavescens (Jameson), and hepaticarum 
(Jameson). Jameson (1906) originally assigned these to the genus Amblyplana but 
his description and figures of their genitalia leave no doubt that Heinzel was right to 
transfer them to Artiocotylus, and they accordingly now become Othelosoma [=Artio- 
cotylus, —Amblyplana] caffer (Jameson), Othelosoma [=Artrocotylus, =Amblyplana] 
flavescens (Jameson), and Othelosoma [=Artiocotylus, —Amblyplana] hepaticarum 
(Jameson). Jameson’s description of their genitalia also leaves no doubt that these 
species are specifically distinct from O. symondsi. 

Jameson did not describe the musculature in these three species. But in those 
species to which we have here directed special attention the musculature of the body 
shows an interesting series of increasing specialization. In O. speciosum von Graff 
(1899) notes the exceptionally powerful longitudinal muscle of the parenchyma on the 
dorsal side. In O. notabilis his description and figures show this muscle to be 
differentiated into a definite retractor attached to the anterior end of the worm. 
In O. symondsi this retractor is differentiated as a powerful discrete muscle of circular 
cross-section. It takes origin just posterior to the ovary, about three-quarters of the 
distance from the pharynx towards the head, and is inserted on to the anterior end of 
the animal (Pl. 43, fig. E). As the figure shows, this muscle not only possesses freedom 
of movement by virtue of its position over the flattened anterior branch of the gut 
but the parenchyma surrounding it is transformed into a specialized sheath of leone. 
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fibrous tissue. Indeed, a transverse section of the anterior end of this worm presents 
as remarkable an appearance as any to be'found in the Turbellaria. b 

O. cylindricum also possesses a powerful and highly differentiated retractor. 
De Beauchamp (1913, p. 12) described it thus: ‘Cette rétraction est effectuée par un 
muscle longitudinal trés différencié, semblable A celui qu’a décrit von Grarr dans 
dautres espéces du genre, mais beaucoup plus développé. Il s’étend (PI. 47, fig. 4, ml) 
sur le quart de la longueur du corps, et ses fibres s’incurvent vers la face ventrale en 
sétalant en éventail. Le caecum supérieur de l’intestin est dorsal par rapport A 
lui, mais ses ramifications l’entourent de chaque cété et reviennent ventralement:A lui 
(2). On remarquera la raréfaction du parenchyme autour de lui l’isole du reste du 
corps et donne libre jeu a sa contraction.” 

Except for one curious point, this description precisely fits the retractor of O. 
symondsi and the peculiar anatomical differentiation of the structures in relation to it. 
De Beauchamp’s figure in sagittal section also precisely resembles the comparable 
sections of O. symondsi (cf. Pl. 43, fig. E). But he speaks of the anterior gut caecum 
lying dorsal to the retractor, and of the insertion of this muscle on to the ventral 
surface: compared with the condition in O. symondsi, with all its special features, the 
condition in O. cylindricum would seem precisely the same, but upside down. It seems 
likely that there has been a slip here in de Beauchamp’s description : for in the species 
described by von Graff, to which he compares cylindricum, the retractor is unquestion- 
ably dorsal. Unfortunately, the sagittal section of which de Beauchamp gives an 
excellent figure is precisely median and thus misses the nerve cords, which would at 
once show the correct orientation. But the detail of the section he figures is almost 
an inverted image of what can be seen in a corresponding section of symondsz. 

We can conclude that Othelosoma. symondsi shows clear specific distinction from 
those other species included in the genus Artiocotylus by Heinzel. But all of them 
share significant characters of generic magnitude not only in the organization of 
the genitalia but also in the differentiation of the retractor muscle and structures in 
anatomical relationship to it. All these species, of what must now be named the 
genus Othelosoma, share with Fasciola terrestris characters which are possibly of 
subfamilial significance, such as the simple dermal musculature and the well-developed 
penis. Nevertheless important features of the genitalia and of the parenchymal 
musculature separate terrestris generically from Othelosoma. 


AMBLYPLANA. 


This genus was created by von Graff (1896) for two species flava and fusca named 
by Moseley (1877) and originally placed by him in the genus Rhynchodemus. Many 
of the species of Amblyplana were subsequently divided by Heinzel (1929) between the 
genus Artiocotylus on the one hand and * Rhynchodemus ’ on the other. By Rhyn- 
chodemus’ Heinzel intended to convey generic relationship with terrestris. Unfor- 
tunately Heinzel did not mention either of Moseley’s species flava and fusca, on 
which von Graff founded the genus Amblyplana. Moseley’s original account does 
not allow us to decide whether flava and fusca are generically related to terrestris or 
not. Nor do von Graff’s (1899) additional notes help us to do this except on one 
important point ; he remarks (p. 76) that the musculature of yet another species, 
Amblyplana teres, resembles that of his “Rhynchodemus group A’, which includes 
terrestris, and that the same holds true for A. fusca, and his figure of a section of fusca 
supports this. Heinzel (1929) places A. teres in the same genus as terrestris (which 
he called Rhynchodemus terrestris) ; and, since among other things, it is on this very 
point of the organization of the musculature that we separate terrestris from Rhyn- 
chodemus sylvaticus and its congeners (Hyman, 1943), Amblyplana might possibly 

neric name of terrestris. 
vom ie aie inadequate description of the first described species of Amblyplana 
the position is far from satisfactory. ‘To determine the relationships of flava and 
fusca it is essential to add to the superficial generic characters, which were all that 
could be specified by von Graff, such as the plump sub-cylindrical body and the narrow 
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creeping sole. We must be able to compare a number of unequivocally defined 
structural characters with those in well-known species. At present, the most 
satisfactory characters of this sort in the Turbellaria are those of the genitalia. 
Von Graff could only study the external features of Moseley’s specimens and could 
see no sign of the external genital opening. He also examined sections of a specimen 
collected by Professor Weber, and identified as fusca. But this also was immature 
and showed no trace of genitalia. 

Through the kindness of Mr. S. Prudhoe I have been able to section one of Moseley’s 
cotypes of each of the species. The specimen of flava was immature. There were 
small ovaries (Pl. 43, fig. B) from whence led oviducts, which, however, were only 
differentiated for the first half millimetre behind the ovary. There were also partly 
differentiated testes and vasa deferentia. But none of these structures had become 
connected with a genital atrium, which was only represented by a small undiffer- - 
entiated cavity with no external opening. These rudiments are quite insufficient 
to enable us to make any comparison with other species. 

On the other hand, transverse sections of the head end showed at once a powerful 
dorsal retractor muscle with just the same essential structure and relationships as 
that of Othelosoma symondsi. There was the same circular cross-section, the same 
outer sheath of spongy parenchyma, and the same relation to the anterior diverticulum 
of the gut (Pl. 43, fig. A). There are some small differences. The retractor takes 
origin just in front of the ovary instead of just behind, and the median anterior gut 
diverticulum is more normal in appearance and has not developed into the flat canal 
of symondsi. 

From this retractor muscle and its peculiar relations we can safely infer that 
Amblyplana flava is closely related to Othelosoma symondsi. Indeed the differentiated 
structure of the retractor system of flava approaches that in symondsi and cylindricum 
more Closely than the retractor systems of O. notabilis and O. speciosum seem to do. 
We may conclude that flava is generically related to symondsi ; and since Othelosoma 
Gray, 1869 has priority over Amblyplana von Graff, 1896, we may refer to it as 
Othelosoma [=Amblyplana von Graff, =Rhynchodemus Moseley] flavum. 

On the other hand, the sections of Amblyplana fusca were disappointing. Careful 
search failed to reveal any trace of genitalia except for immature ovaries without 
ducts. Sections at and anterior to the ovary, which reveal the retractor system of 
symondsi and flavum, disclose no specialized retractor in fusca (Pl. 43, fig. C). 

Like flavum, symondsi, and terrestris, the outer dermal muscular layer of fusca is 
simple (PI. 47). But beyond this all we can say is that the parenchymal musculature 
is much more powerfully developed than that of terrestris. In view of the sexual 
immaturity of the known specimens we cannot tell whether fusca is generically related 
to terrestris. We cannot tell therefore whether Amblyplana co id under any circum- 
stances become a candidate for the generic name of terrestris. There is considerable 
probability that we should never be able to do so, since, even if sexually mature worms 
were taken from the same locality, the lack of features in Moseley’s own specimens would 
make it difficult to prove beyond all doubt that their species was the same as his. 

Thus, the specimens which Weber collected and which were identified by von 
Graff as fusca were more recently examined by Freisling (1935). He found a sexually 
mature specimen, and its genitalia show beyond all doubt that *+ is an Othelosoma. 
The parenchymal musculature is powerful, but a dorsal retractor is not differentiated 
(pp. 10 and 13). _In this it is unlike symondsi and might be considered to stand 
below speciosum in the series of Species showing increasing differentiation of the 
retractor, 

But the difficulty is to prove that Weber’s specimens belong to the same species 
as Moseley’s, Both come from the same geographical region (Cape of Good Hope) 
but from rather widely Separated localities. The external features of Moseley’s 
Specimens are not of a kind to allow us to make a clear specific diagnosis. And 
though some weight must be given to the fact that both Moseley’s and Weber’s 
Specimens possess a powerful parenchymal musculature, and both lack a dorsal 
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retractor, the evidence cannot be considered to be yet sufficient to warrant their 
specific identity. Our one hope is that one of the remaining specimens of Moseley 
may still be found to contain mature genitalia. 

We cannot therefore ascertain simply by examination of Amblyplana fusca 
whether Amblyplana could possibly become the generic name of Fasciola terrestris. 
This impasse can however be avoided if it becomes apparent that terrestris is generically 
related to Microplana Vejdovsky, 1890, since this has temporal priority over Ambly- 
plana von Graff 1896. We shall conclude that this is so. 


MIcROPLANA. 


The most serious candidate for the generic title of Fasciola terrestris is Microplana 
humicola Vejdovsky, 1890. His account is based on examination of living specimens 
only, and he expresses regret that he could not preserve them. His clear description 
therefore necessarily lacked some information of importance, and Heinzel (1929) 
could truly say that we knew too little to place this animal in its correct systematic 
position. Bresslau (1933), whose opinion in such matters must command the greatest 
respect, states in Kiikenthal & Krumbach’s Handbuch der Zoologie (p. 283) that 
Microplana is in fact a ‘ Rhynchodemus’, implying by that (in Heinzel’s sense of the 
name) that it is generically related to terrestris. But he gives no evidence. Sub- 
sequently, one of his students (Schneider, 1935) gave an excellent account of the 
anatomy of an animal he identifies as M. humicola. The well-developed penis, the 
rest of the special features of the male and female genital system, the undifferentiated 
dermal muscular layer, and the posterior fusion of the hindgut diverticula, are among 
the many characters in which this animal resembles terrestris and certain related genera. 
It is by the use of such characters as these that Heinzel and Hyman establish a sub- 
familial distinction between terrestris-like genera and the other section of the 
Rhynchodemidae, which includes the familial type of Rhynchodemus sylvaticus Leidy. 

Schneider’s organism resembles terrestris not only in these supposedly subfamilial 
characters but also in generic features, such as the absence of Beauchamp’s canal 
which characterizes the other adequately known related genera, Othelosoma 
[=Artiocotylus| and Diporodemus. Like terrestris also, it possesses a ductus genito- 
intestinalis, and the ciliation is absent from the dorsal surface (cf. von Graff (1899), 
p. 50). 
On the other hand, the organism shows specific differences from terrestris, in the 
white colour, the small size at sexual maturity, the restricted number of testes (two 
pairs), the minuteness and the position of the eyes, and the character of the ductus 
genito-intestinalis, which is single. 

We thus arrive at the conclusion that Schneider’s organism, which he considers to 
be identical with Vejdovsky’s Microplana humicola, is beyond reasonable doubt 
congeneric with Fasciola terrestris O. F. Miiller. Ifit can be established that Schneider 
is right in supposing that his and Vejdovsky’s organisms are the same species, our 
problem is solved. If we cannot so do Microplana must fail us as a generic name for 
terrestris, since the only other organism so named is M, ruteocephala Kaburaki, 1922, 
the inadequate description of which gives no evidence as to why that species was 
placed in a genus from which it would seem excluded by the absence of a creeping sole. 

Schneider does not review the evidence that his and Vejdovsky’s species are the 
same, though he makes certain comparisons, and his very full description admits of a 
comparison with Vejdvosky’s limited one. The descriptions include many observa- 
tions in common: the small size at sexual maturity ; the absence of pigment ; the 
absence of dorsal ciliation, and of auricular appendages ; the dense armature of 
rhabdites over the head; the minute paired eyes (perhaps the smallest known in 
Triclads) deeply situated close to the cerebral ganglia ; the comparatively simple 
gut diverticula, of which Schneider’s formula 2(12-15), 4-5, fits Vejdovsky’s figure and 
description ; the restriction of the testes to two pairs; the well-developed penis ; 
the two vasa deferentia which unite where they open into a vesicula seminalis. 
Vejdovsky believed that longitudinal muscle was absent from the penis, and that 
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because of this it could not be everted. In searching for an alternative copulatory 
organ he suggests that this function is undertaken by a projection of the body wall 
which he figures by the genital opening. It would seem that observations on living 
material, such as he made, would not permit detection of restricted longitudinal 
musculature such as that figured by Schneider from his sections. And in any case, 
Vejdovsky’s contention that longitudinal muscle in such a system is necessary for 
exsertion is mechanically unsound. It is difficult not to suppose that the penis 
figured by Vejdovsky is an intromittent organ, and difficult to disagree with Schneider 
that Vejdovsky’s figured projection from the body wall is merely an everted part of 
the atrium. Such would be particularly liable to be seen in compressed living 
specimens. 

Schneider's description of the female genitalia shows some points of agreement 
with Vejdovsky’s observations, but there is a difference. Schneider traced the two 
oviducts from the ovaries, posteriorly, till they met in a common duct which algo 
received the ductus genito-intestinalis at the same point. The junction of the oviducts 
and the common duct is densely embedded in gland cells. The common duct then 
passes into the vagina which opens into the posteriorly directed atrium femininum, 
which arises from the atrium commune above and behind the genital aperture. 

Vejdovksy in his living specimens was unable to see the ovaries or the course of 
the oviducts. He detected the final portion of a duct running down towards the 
posterior side of the genital aperture. This duct became embedded in a mass of 
gland cells. He guessed that this duct was the oviduct. It might be interpreted as 
the common duct or one of the oviducts, or even the ductus genito-intestinalis. The 
glandular mass may be allowed to correspond to the similar structure which Schneider 
found. But according to Vejdovsky the glandular region of this duct opened direct 
into the genital atrium. It did not open into a vagina and atrium femininum ; 
though a blind posteriorly directed sac which he describes arising from the genital 
atrium occupies the same position as the atrium femininum and vagina of Schneider. 
If Vejdovsky’s account is accepted literally, we have here a significant difference 
between his and Schneider’s specimens in the manner of entry of the oviduct into the 
genital atrium, and in the existence of a posterior blind sac, which Vejdovsky refers 
to as ‘uterus "—comparable with the bursa copulatrix of paludicolous genera like 
Dendrocoelum, whose comparison with Microplana Vejdovsky had constantly in 
mind. Schneider suggests that Vejdovsky’s description is based on a confused 
interpretation of the atrium masculinum and the vagina ; though perhaps the con- 
fusion is even more likely to concern the atrium femininum. Anyone who has 
attempted carefully to trace the complex genital system of living Turbellaria in 
specimens distorted by compression will be aware of the great ease of misinterpretation 
of detail and may well conclude that Schneider’s suggestion is right. If we accept 
this and bear in mind the lack of other differences together with the quality of the 
numerous points of resemblance between Vejdovsky’s and Schneider’s organisms, we 
may conclude with the latter that Microplana humicola is indeed congeneric with 
terrestris ; a judgment that agrees with Bresslau’s. 

This conclusion has a high probability, but it is not a certainty. However, we 
cannot reject it on that account, for all systematic judgments of this sort ultimately 
rest on inductive inference. Indeed, in cases involving early descriptions of inverte- 
brate species in which the type specimens have not survived, we must often be content 
with no more than a fair probability that the original superficially described organism 
is identical with that which was later subjected to detailed anatomical description 
This indeed is true of the type species of the whole family, Rhynchodemus sylvaticus 
Leidy. Leidy’s (1851 a, b) and Girard’s (1893) descriptions of the original animals 
from gardens at Philadelphia are meagre and superficial. The original specimens are 
lost. Hyman’s(1943) important systematical description of the anatomy is based on 
material collected by Walton (1907, 1912) from places distant from the original site 
which could not be compared with Leidy’s specimens. So that h eee : 
of the identification must ultimatel ginal aiearree ee ae 

mately depend on the original meagre and superficial 
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description. Taking all the evidence, there is a fair probability that Hyman is right 
and that the animal she describes is Leidy’s Rhynchodemus sylvaticus. It would be 
perverse to reject the identification because it does not reach certainty. To apply 
such a principle generally would create far more confusion in systematics than it would 
allay. By the same argument it would be perverse to reject the identification of 
Schneider’s organism with Vejdovsky’s Microplana humicola because it rests on a 
probability which is short of certainty. I therefore propose to accept Schneider’s 
identification. 

Schneider concludes his work on M. humicola by renaming it ‘ Rhynchodemus ’ 
humicola, congeneric with ‘ Rhynchodemus’ terrestris. Since terrestris is not a 
Rhynchodemus, his work makes it legitimate to reverse his procedure and to apply 
the generic name Microplana to terrestris, provided that it has priority over 
Amblyplana. Fortunately this is the case, since Vejdovsky’s (1890) name preceded 
that of von Graff’s (1896) genus of Amblyplana. 

We thus reach the conclusion that Fasciola terrestris O. F. Miller should be named 
Microplana terrestris (O. F. Miller) ; a conclusion which can give some satisfaction 
in view of Schneider’s excellent description of M. humicola on which it is based. And 
while one can only regret that an animal so long familiar to zoologists as 
* Rhynchodemus ’ terrestris must change its name, we can at least feel that in contrast 
with great tropical forms like Geoplana and Bipaliwm the name of Microplana for the 
relatives of terrestris is no aesthetic misnomer. 


CLASSIFICATION. 

Corréa (1947), and after her Prudhoe (1949), divided the family Rhynchodemidae 
into two subfamilies: the Rhynchodeminae Corréa (1947), to which the genus 
Rhynchodemus is assigned, and a second subfamily named by Hyman (1943) the 
Geodesminae. But I have shown elsewhere (Pantin, 1950) that Geodesmus is a 
synonym for Rhynchodemus. Consequently the subfamily Geodesminae Hyman can 

-no longer receive this name with propriety. This subfamily, which includes those 
genera related to Microplana terrestris, thus requires a new name. 

If Microplana becomes the genus to which terrestris and related species are 
assigned, it follows from the International Rules of Zoological Nomenclature (Art. 30, 
I, c) that the single original species, Microplana humicola Vejdovsky, 1890, becomes 
the type of the genus. 


The other genera placed in the Geodesminae of Hyman are : 
Artiocotylus v. Graff, 1896 ; 
Pseudartiocotylus Ikeda, 1911 ; 
Diporodemus Hyman, 1938. 


For reasons already given Artiocotylus must now be replaced by Othelosoma Gray, 
1869. ; 

The genus Microplana Vejdovsky, 1890 now includes the oldest described species, 
terrestris. Its generic characters are less specialized than those of the other genera. 
We may with propriety denominate the subfamily Microplaninae |—Geodesminae 
Hyman, 1943 =Rhynchodeminae Heinzel, 1929]. 


We may thus classify the family as:follows : 
Family Rhynchodemidae. 
Of Hyman, 1943 ; Prudhoe, 1949 ; and others. 


1. Subfamily RaYNCHODEMINAE. 


Of Corréa, 1947 ; not of Heinzel, 1929, 
—DoLIcHOPLANINAE Hyman, 1943, 
—DESMORHYNCHINAE Heinzel, 1929, 

not RHYNCHODEMINAE of Heinzel, 1929. 
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Genus RHyYNCHODEMUS Leidy, 1851 b. 
Type species Planaria sylvatica Leidy, 1851 a, 
=Geodesmus Mecznikow, 1866. 
Type species Geodesmus bilineatus Mecznikow, 1866, 
= Desmorhynchus Heinzel, 1929. 


The inclusion of Geodesmus follows Pantin (1950), otherwise this is in agreement 
with the nomenclature of Hyman (1943) as modified by Corréa (1947) and Prudhoe 
(1949). 

Genus DoLicHopLaNna Moseley, 1877 (sensw Hyman, 1943). 
Genus PLaTyDEMUS v. Graff, 1896 (sensu Hyman, 1943). 


2. Subfamily MicroPLaniw4z, nom. nov. 


=GEODESMINAE Hyman, 1943, 
=RHYNCHODEMINAE Heinzel, 1929. 


Definition: as given by Hyman (1943) for her subfamily Geodesminae. 
“ Bhynchodemidae with weak subepidermal musculature of which the longitudinal 
fibers are inconspicuously developed and are not aggregated into bundles. Mostly 
of short, plump, cylindroid form ; eyes may be small or retrogressed. Copulatory 
apparatus often complicated ; male apparatus with a well-developed, often large 
penis papilla ; female apparatus with or without seminal bursa, may have genito- 
intestinal connection, bursa may have more than one exit.”’ 


Genus Micropiana Vejdovsky, 1890. 
=Rhynchodemus of Heinzel, 1929. 

Type species Microplana humicola Vejdovsky, 1890, 

(=Rhynchodemus humicola (Vejdovsky) of Schneider, 1935). 

Definition : with or without seminal bursa ; when present, this bursa has only 
one exit. 

Genus OTHELOSOMA Gray, 1869. 

Definition : the seminal bursa is very large and communicates by two openings 
or by a common opening with two canals, a ductus vaginalis and a Beauchamp’s 
canal, leading into the genital atrium. The dorsal anterior parenchymal musculature 
is very highly developed and may be differentiated as a discrete retractor muscle. 

=Artiocotylus v. Graff, 1896 (sensu Hyman, 1929), 
=Amblyplana v. Graff, 1896, in part (sensu Heinzel, 1929). 

Type species Othelosoma symondsi Gray, 1869. 

Definition : as given in this paper. 

The genus includes Amblyplana flava (Moseley, 1896). 


Genus PsbuUDARTIOCOTYLUS Ikeda, 1911 (sensw Hyman, 1943). 
Genus DrroropEemMuS Hyman, 1938 (sensu Hyman, 1943) 


Incertae sedis 
Genus Amblyplana vy. Graff, 1896. 

T'wo species were originally placed by von Graff in this genus. The transference of 
flava to the genus Othelosoma leaves only the species fusca. Accordingly the type 
species of the genus Amblyplana becomes 

Rhynchodemus Jfuscus Moseley, 1877, 
|=Amblyplana fusca (Moseley) of v. Graff, 1896]. 
The musculature of the body wall in this species resembles that in the 


Microplaninae. But in the absence of other discovered characters there is not yet 
enough evidence to assign it with certainty to that subfamily. 
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T.S. lateral body wall showing simple dermal longitudinal musculature. 


Fic. A.—Microplana (= Rhynchodemus) terrestris. 
Fig. B.—Amblyplana fusca. Note powerful parenchymal muscle fibres. 


Fig. C.—Othelosoma symondsi. 
Fia. D.—Othelosoma (= Amblyplana) flavum, 
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Othelosoma symondst. 


Fie, A.—T.S. just behind brain showing retractor muscle and associated structures. 
Fic, B.—Sagittal section of genital region. 
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Fic. A.—Othelosoma flavum. T.S. just behind brain, to show retractor muscle. 
Fia. B.—Othelosoma flavum. T.S. at level of ovary to show origin of retractor. 


Fic. C.—Amblyplana fusca. T.S. just behind brain. 
D.—Amblyplana fusca. T.S. just in front of ovary. Note well-developed parenchymal 


musculature, but no retractor. 
F1a. E.—Othelosoma symondsi. Oblique section at level of ovary showing origin of retractor 


and relation to nerve cord. c 
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SUMMARY. 


1. It is shown that the well-known European terrestrial flatworm, Fasciola 
terrestris O. F. Miiller, commonly known as Rhynchodemus terrestris (O. F. Miller) 
must be named Microplana terrestris (O. F. Miiller). The type species of the genus 
Microplana is M. humicola Vejdovsky, 1890. The effects of this on the classification 
of the Rhynchodemidae are discussed. The subfamily which includes M. humicola is 
renamed the Microplaninae. J 


2. The imperfectly described species Othelosoma symondsi has been examined. It 
agrees generically with species of Artiocotylus. The generic name Othelosoma has 
priority over that of Artiocotylus, which now becomes a synonym for Othelosoma. 


3. Specimens of the two original species of the genus Amblyplana von Graff, 1896 
have been examined. <A. flava proves to be an Othelosoma and takes that generic 
name. A. fusca is not evidently an Othelosoma but immaturity of the specimens 
prevents assignation of relationship. 


tae ; , ; 
4, Nematodemus lumbricoides von Graff is not a planarian but a heteronemertine. 
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INTRODUCTION. 


It is proposed to revise the Bopyrids of British and Irish waters in three separate 
papers, the first dealing with those Bopyrids infecting the Anomura, the second 
with those infecting the Caridea and Brachyura and the third with the Entoniscidae of 
the Brachyura. 

The records of these Bopyrids are scanty, the majority dating back to the late 
19th or early 20th century. Also some of these records are doubtful, so that where 
possible they have been checked against specimens still remaining in reference 
collections in this country. 

The names employed are those used by Sars (1899) and Bonnier (1900). The 
separation of closely allied species is difficult, especially as too few specimens are 
available to give the range of variation within the species.. The belief of Giard and 
Bonnier that each host carried a different species of Bopyrid has led to the making 
of new species on insufficient anatomical differences. This belief has long since 
been discarded and, as more material becomes available, some of the species made 
by Giard and Bonnier will almost certainly be united. 

I wish to express my gratitude to all those museums, marine stations, and 
universities, which have so willingly sent me their material for examination. Without 
this help it would not have been possible to write this paper. I wish to make 
special acknowledgement to Dr. I. Gordon, of the British Museum, who has greatly 
assisted me with records and advice in compiling this work, and to Professor 
F. Balfour-Browne for advice on taxonomic matters. 


Genus PLeuRocRyPTA Hesse, 1886. 

The species in this genus are very difficult to separate. They occupy the gill 
cavities of the Galatheidae and Porcellanidae, families in which closely allied species 
vary considerably in size. Thus if the parasites are not specific for each host, 
then individuals of a single species of parasite will also vary in size and form, 
according to the dimensions of the gill cavity of the host-species infected. 

The following species have been described for Europe :— 


Author. Parasite. Host. 
Giard & Bonnier (1890) Plewrocrypta galatheae Hesse.......--... Galathea squamifera Leach. 
Bonnier (1900). Pleurocrypta intermedia Giard & Bonnier Galathea intermedia Lillje- 


borg. 
Pleurocrypta hendersoni Giard & Bonnier Galathea dispersa Bate. 
Pleurocrypta strigosa Giard & Bonnier.. Galathea strigosa (L). 
Pleurocrypta porcellanae Hesse... - Porcellana longicornis (Li). 


G. O. Sars (1899) ..... Pleurocrypta longibranchiata (Bate & Galathea squamifera Leach. 
Westwood). 
Pleurocrypta marginata G. O. Sars .... Galathea nexa Embleton. 
; Galathea dispersa Bate. 
WwW. A. Herdman (1894) Plewrocrypta nexa Stebbing........---- Galathea nexa Embleton. 


Nierstrasz & Brender a Plewrocrypta hessei Nierstrasz & Brender& Unspecified. 
Brandis (1929). Brandis. 


All except the last species have been recorded from British waters. Plewrocrypta 
intermedia, Pl. porcellanae and Pl. strigosa appear to be quite distinct species. 
A fuller series of parasites from the Galatheidae will probably show that Plewro- 
crypta hendersoni, Pl. nexa and PI. hessei are different forms of PI. galatheae, 
while Pl, longibranchiata and Pl, marginata may well be separate species. 
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In this paper I have not separated Pl. nexa and Pl. hendersoni from PI. galatheae 
because no marked anatomical differences have been observed in those parasites 
available from Galathea nexa and G. dispersa. 


Pleurocrypta galatheae Hesse. 


Pleurocrypta galatheae Hesse, 1868, p. 226, pl. iv; and 1866, appendix. 
Pleurocrypta galatheae Bonnier, 1900, p. 310, pl. xiii, figs. 1-10. 

Pleurocrypta galatheae var. northumbriensis Flattely, 1922, p. 98, pl. i, figs. 1-5. 
? Pleurocrypta hendersont Giard & Bonnier, 1900, p. 315, pl. xv, figs. 8-15. 

? Pleuroerypta nexa Stebbing in Herdman, 1894, p. 328, fig. 1. 


OcCURRENCE. 

This species is generally distributed on all our coasts, but there are neither 
records nor specimens for much of the west coast of Ireland and the east coast of 
England. Records for the Channel Islands were made by Norman (1907, p. 363) ; 
for Northumberland by Flattely (1922); for the Firth of Clyde by Scott (1902, p. 1) 
as Pl. longibranchiata (Bate & Westwood) on Galathea dispersa Bate; Patience 
(1911, p. 16) also recorded it for the Clyde under the same name from both G. dispersa 
and G. squamifera. For the Irish Sea there is a record by Herdman (1894, pp. 327-8), 
who also recorded the new species Pl. nexa Stebbing, and from Ballynakill, Ireland; 
it was recorded by Tattersall (1904, pt. 43, p. 5). 

The following table shows the locality, date and hosts of the available material 
examined by the author, and the present location of the reference collection. 


Locality. Date. Host. Reference collection. 
Channel Islands 1883 Galathea squamifera Leach.... Norman Collection, British 
(Guernsey and Jersey). Museum. 
Plymouth—Devon..... oe Galathea squamifera Leach .... British Museum. 
3 35 — Galathea nexa Embleton ...... Marine Biological Association, 
f Plymouth. 
a5 3 —  Galathea dispersa Bate ........ Marine Biological Association, 
; Plymouth. 
Menai Straits, N. Wales. 1948 Galathea squamifera Leach..... University College of North 
Wales, Bangor. 
Northumberland, 1934 Galathea squamifera Leach..... Dove Marine Laboratory, 
St. Mary’s Island. Cullercoats. 
Hurtinot Clydey cen) ace. 1949 Galathea squamifera Leach..... Scottish Marine Biological 
' i Association, Millport. 
»” ” seiscent Galathea newa Embleton....... a Marine Biological 
; 5 Association, Millport. 
Oban, W. Scotland.... — Galathea nexa Embleton....... Norman Collection, British 
Museum. 
REMARKS. 


The species was first described by Hesse (1865) as occurring on Galathea 
squamifera Leach. Bonnier (1900) redescribed the species fully. Flattely (1922) 
obtained a Bopyrid parasite from G. squamifera which did not agree completely 
with the description given by Bonnier or with specimens present in the British 
Museum. The differences, other than that of body shape, were small and so Flattely 
named the specimen Plewrocrypta galatheae var. northumbriensis. 

The author obtained from Wembury, Devon, thirteen Pl. galatheae from 915 
ralathea squamifera, giving for that area 1-4 per cent infection. Twelve of these 
specimens corresponded closely to Plewrocrypta galatheae as described by Bonnier 
(1900). There were slight variations in the shape of the body and of the Ist oostegite 
the posterior prolongation of the ventral half of which was frequently pointed instead 
of being truncated. In this respect the specimens agree with the description of 
Pl. longibranchiata (Bate & Westwood) as given by Sars (1899, p. 206). 

Bonnier (1900) also described as a distinct species Pl. hendersoni Giard & Bonnier 
occurring on Galathea nexa. Henderson ‘sent to Giard and Bonnier for 
examination three specimens obtained from the Clyde, but a description does not 
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appear to have been published until 1900. That description is somewhat meagr 
and the only distinctive features appear to be in “ la teeta: des petits picid 
régulierement rangés sur le bord supérieur de la lame postérieure du céphalon et 
les lamelles minces qui sont & ses angles externes’’. These characters are extremely 
difficult to observe and are not markedly different from those shown for Pleurocrypta 
galatheae. The 1945 and 1950 specimens of Pl. galatheae taken on Galathea nexa 
from the Firth of Clyde have been compared with specimens of the same length 
(c. 3-6mm.), taken at Wembury on G. squamifera, and no marked anatomical 
differences were observed. The specimen from Oban collected by Norman on 
G. nexa differed considerably both in shape and detail from other species. 

The specimen described and illustrated by Scott (1902) for the Firth of Clyde 
as Pl. longibranchiata (Bate & Westwood) from Galathea dispersa appears to be more 
closely related to Pl. galatheae than to Pl. longibranchiata because the metasome 
of the female is not sufficiently attenuated and the male is a more typical 
Pl. galatheae. Scott, however, was fully aware of the differences of opinion existing 
between Sars and Bonnier and placed his specimen alongside that of Sars. In the 
Plymouth collection there is also a specimen of Pl. galatheae from Galathea dispersa, 
which compares closely with Bopyrids obtained from Galathea squamifera. It is 
not possible to decide, without many more specimens, whether the Bopyrids from 
Galathea nexa and G. dispersa are all forms of Plewrocrypta galatheae or separate 

species. It is thought that, if a large number of specimens were obtained, they 
would probably show a single variable species, in which Pl. longibranchiata would 
be included. 

i do not consider Pleurocrypta nexa Stebbing (see Herdman, 1894) a separate 
species. 


IMMATURE FEMALE (text-fig. 1). 


During the dissection of many adult Galathea squamifera from Wembury, 
Devon, five immature female Bopyrids were obtained singly from within the 
pericardial cavities of the hosts. Mouchet (1931, p. 504) is apparently the only 
other author to record an immature Bopyrid parasite in a similar position, and 
although that parasite came from G. squamifera he considered it as representing 
an immature Cancericepon. That genus is found only on the Brachyura and its 
presence in Galathea was considered by Mouchet as accidental. A comparison 
of the drawings given by Mouchet with those in this paper shows little difference 
except in the greater size of the head in Mouchet’s specimen. The only Bopyrid 
parasite occurring plentifully in the Wembury area is Plewrocrypta galatheae on 
Galathea squamifera, and this parasite almost certainly belongs to that species. 
_ These specimens show the following characteristics :— 

Body nearly three times as long as broad; length 3:8 mm.; metasome just over 
half as long as the mesosome and 6-jointed. 

Cephalon more pointed than that illustrated for an adult male ; eyes prominent 
on the dorsal side. Head appendages not fully developed but agreeing with the 
_ description given for an adult male. 

Mesosome with seven distinct segments ; coxal plates not developed ; oostegites 
just apparent at the base of the second to fourth pereiopods. 

Metasome with long tapering epimeral processes ; uropods longer than epimeral 
processes. One pair of rudimentary pleopods just showing as tubercles on first 
metasomal segment. 

The finding of these immature specimens in the pericardial cavity of the host 
raises the question of how the Bopyrid retains its position in the gill chamber while 
the host is moulting. It is likely that these specimens found their way into the 
pericardial cavity of the host via the efferent branchial blood vessels during the moult 
period. To get into the efferent branchial channels they must have pierced the 
cuticle at the base of the gills, This suggests that just prior to the moulting of the 
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host the parasite may eat through the integument that is to be shed and take 
up its new position ready for the coming moult. 


Pleurocrypta longibranchiata (Bate & Westwood). 


Phryxus longibranchiatus Bate & Westwood, 1868, 2, 246. fet 
Pleurocrypta longibranchiata Sars, 1899, p. 206, pl. Ixxxvi, figs 2. 
Pleurocrypta longibranchiata Bonnier, 1900, p. 316. 


OcCcURRENCE. 
The species was first recorded by Bate & Westwood (1868) in the eee 

cavity of Galathea squamifera from the Shetlands and also from Polperro, Cornwall. 

The Marine fauna of the Isle of Man (Moore, 1937, p. 116) has records of this species 


TExt-Fia. 1. 
A. Immature female, dorsal view. x 14. 
B. Immature female, ventral view. x 14. 


but specimens examined from that locality all agree with Pl. galatheae. Patience 
(1911, p. 16) recorded it on both Galathea squamifera and G. nexa from the Firth 
of Clyde but neither of these records can be verified. 

In the Norman Collection, British Museum, there are specimens from Starcross, 
Devon, which appear to belong to this species. As the validity of the species is 


in doubt a description is given below of a Starcross specimen, and it is compared 
with that described by Sars (1899) 


DESCRIPTION OF FEMALE (PI. 44, figs. 1 and 2). 


Body large, pyriform and not markedly asymmetrical ; oostegites only just 


meeting on the ventral side; metasome long; length 11-9 mm.; greatest width 
4-4 mm, 
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Cephalon broad, triangular, with a narrow frontal lamella. 
Mesosome clearly segmented ; coxal plates slightly more pronounced than in 
Sars’ specimen ; first oostegite similar in shape to that of Sars’ specimen. 
Metasome proportionately longer than in Sars’ specimen, but with the same 
shape and the same form of discontinuous epimeral plates. Pleopods and uropods 
proportionately shorter than in Sars’ specimen and without marked tuberosity. 


DESCRIPTION OF MALE (Pl. 44 figs. 3 and 4). 


Body measuring 2:3 mm. in length and 0:7 mm. in maximum width. 

Cephalon somewhat smaller and more pointed than that illustrated by Sars, 
with similar antennules and antennae. 

Mesosome with segments widely separated, whereas in Sars’ specimen they are 
closely applied. 

Metasome unsegmented and more globular than that in Sars’ specimen. ' 


REMARKS. 


Bate & Westwood (1868) described a Bopyrid parasite from Galathea squamifera 
Leach which they named Phryxus longibranchiatus. Giard & Bonnier (1890) 
recognized the error in the genus made by Bate & Westwood and considered the 
specimen to be a young form of Plewrocrypta galatheae Hesse. Sars (1899) obtained 
a Bopyrid from Galathea nexa Embleton, from Norway which he considered to be 
the same species as that described by Bate & Westwood from @. squamifera and 
he renamed and redescribed the species as Plewrocrypta longibranchiata (Bate & 
Westwood). Bonnier (1900, p. 310) in his description of Pl. galatheae again affirmed 
his belief that the specimen described by Bate & Westwood was an immature 
Pl. galatheae, but Bonnier did appear to recognize Sars’ specimen of Pl. longibran- 
chiata (Bate & Westwood) obtained from Galathea nexa as a distinct species. The 
issue, therefore, is whether in G. sguamifera the Bopyrid incorrectly named Phyrxus 
longibranchiatus by Bate & Westwood is an immature form of Plewrocrypta galatheae 
Hesse, or whether it is in fact the Plewrocrypta longibranchiata (Bate & Westwood) 
redescribed by Sars (1899) as occurring on Galathea nexa Embleton, from Norway. 

In the thirteen specimens of Plewrocrypta galatheae collected at Wembury, Devon, 
none resembled Pl. longibranchiata. The Norman Collection, British Museum, 
specimens from Starcross, Devon, resemble more closely the description given by 
Sars for Pl. longibranchiata than that of Bonnier’s Pl. galatheae. The Starcross 
specimens are considered by me as adult specimens of the former species, and unless 
intermediate forms can be obtained, it would seem advisable to consider Pl. galatheae 
Hesse, and Pl. longibranchiata (Bate & Westwood) as distinct species. 


Pleurocrypta marginata G. O. Sars. 


Pleurocrypta marginata G. O. Sars, 1899, p. 207, pl. Ixxxvii, fig. 1. 
Pleurocrypta marginata Bonnier, 1890, p. 315. 


_ OCCURRENCE. 
This species has not previously been recorded for the British Isles. I have 
obtained two specimens from different hosts and from different localities. 


Locality. Date. Host. Reference collection. 
. Wembury, Devon .... 1945 Galathea squamefera L. ....... British Museum. : : 
imtlawot Clyde i. (<1... - 1945 Galathea intermedia Lilljeborg.. Scottish Marine  Riological 


Association, Millport. 


DESCRIPTION. 

The specimen from Wembury obtained from Galathea squamifera agrees well 
with Sars’ description. It shows clearly the broad frontal lamella of the cephalon, 
and the broad coxal plates of the mesosome. The pleopods and uropods of the 
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metasome are of the same form and relative length as those illustrated by Sars. 
Length of female 7:8 mm., greatest width 4-2 mm. The male also shows the narrow 
body-form with the long cone-shaped metasome illustrated by Sars. Length 
1-6 mm., greatest width 0-45 mm. << 

The Scottish specimen from Galathea intermedia Lilljeborg was immature and 
unfortunately there was no male. This specimen also agreed closely with the 
figures of the immature female illustrated by Sars. The large coxal plates and the 
long narrow uropods certainly prove that it cannot be a variety of Pleurocrypta 
intermedia Giard & Bonnier. Length 4:2 mm., greatest width 2:1 mm. 


REMARKS. 

Sars (1899) first described this species from two specimens obtained singly from 
Galathea dispersa Bate. The species does appear to be distinct, as no very good 
intermediate forms have been obtained. Witha larger number it is possible that all 
forms between Pleurocrypta marginata and Pl. galatheae will be found. 


Pleurocrypta intermedia Giard & Bonnier. 


Bopyrus sp., Henderson, 1885, p. 340. 

Pleurocrypta untermedia Giard & Bonnier, 1890, p. 275. 

Pleurocrypta microbranchiata G. O. Sars, 1899, p. 208, pl. lxxxvii, fig. 2. 
Pleurocrypta intermedia Bonnier, 1900, p. 313, pl. xiv, figs. 1-8 ; pl. xv, figs. 1-7. 


OCCURRENCE. 


The records for this species are surprisingly scanty. It was first recorded for 
the Firth of Clyde by Henderson (1885) from Galathea intermedia as Bopyrus sp. 
Then Herdman (1894, p. 328) recorded it, identified by T. R. R. Stebbing, from 
the Irish Sea. From then on no further records appear until the publication of the 
Marine Fauna of the Isle of Man (Moore, 1937, p. 116). The following table shows 
the locality, date, and host of the available material examined by the author, and 
the present location of its reference collection. 


Locality. Date. Host. Reference collection. 
(sleyors Maingmecr riers 1936 Galathea intermedia Lilljeborg. Hall Collection, British Museum. 
Isle Of Manin cns au ore 1948 Galathea intermedia Lilljeborg. Marine Biological Station, Port 
: Erin, Isle of Man. 
English Channel ...... 1948 Galuthea intermedia Lilljeborg. ‘‘Manihine’’ Collection, British 
Museum. 


Isle of Rum,W. Scotland, 1927 Galathea intermedia Lilljeborg. Scottish Home Department, 
Fisheries Laboratory, Aber- 
deen. 


REMARKS. 


Giard & Bonnier (1890) named this species Plewrocrypta intermedia and Bonnier 
(1900) described it. Sars (1899) also obtained it from Norwegian waters from the 
same host and described it under the name Pleurocrypta microbranchiata. Both 
descriptions appear to refer to the same species, although the illustrations given by 
Bonnier indicate longer uropods and a shorter metasome than in the Norwegian 
specimens. The specimens listed above appear to have characters described by 
both authors. In eight specimens obtained from the Isle of Man the male showed 
a complete range from an undivided metasome to one showing marked annulations. 
The host of the Rum specimen 1927 was a female Galathea intermedia in “ berry “.* 


* After this manuscript was completed there appeared a later work by E. Dahl, 1949 
‘“ Hpicaridea and Rhizocephala from Northern Norway’, Tromsé Mus. Aarsheft, 69 (1946), 
No. I, pp. 1-44. After a careful re-examination of the specimens briefly described and carefull 
figured by Sars (1899, p. 208) Dr. Dahl thinks that Pl. microbranchiata Sars should be provisionally 
retained as distinct from Pl, intermedia Giard & Bonnier 
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Pleurocrypta porcellanae Hesse. 
Pleurocrypta porcellanae longicornis Hesse, 1876, p. 24, pl. ix, figs, 22-33. 
Pleurocrypta porcellanae Bonnier, 1900, p. 317, pl. xvi, figs. 1-11. 


OCCURRENCE. 


Records for this species are extremely scarce and that made by W. M. Tattersall 
for 1912 in Marine Fauna for the Isle of Man (Moore, 1937, p- 116) is the only previous 
eae record seen by the author. Specimens have been examined from the following 
ocalities. 


Locality. Date. Host. Reference collection. 
Northumberland...... 1934 Porcellana longicornis (L.) .... Dove Marine Laboratory, 
: Cullercoats. 
Firth of Clyde ....... 1948 Porcellana longicornis (L.) ..... Scottish Marine Biological 
Association, Millport. 
Blacksod Bay, Ireland. 1912 Porcellana longicornis (ae iterorare University College, Cardiff. 
REMARKS. 


These specimens appear to agree with the description given by Bonnier (1900) 
but no comments on the variability of the species can yet be given. W. M. Tattersall 
(1912, p. 5) recorded a Pseudione sp. from Porcellana longicornis from Blacksod 
Bay, Ireland. It is somewhat doubtful if that record is more than an abnormal 
_ Pleurocrypta porcellanae. 


Pleurocrypta strigosa Giard & Bonnier. 


Pleurocrypta strigosa Giard & Bonnier, 1890, p. 368. 
Pleurocrypta strigosa Bonnier, 1900, p. 317. 


OccURRENCE. 

This species has not previously been recorded as occurring in the British Isles. 
In the Norman Collection at the British Museum there is a specimen of a male 
Pleurocrypta taken in Jersey, Channel Islands from the gill chamber of Galathea 
strigosa (L.) The specimen differs considerably from that of other male Pleurocrypta, 
but I have seen neither a description nor specimens of Pl. strigosa with which to 
compare this male specimen. It does not seem advisable to describe the male 
without the female. 


Genus PLEUROCRYPTELLA Bonnier. 
‘ 


Pleurocryptella formosa (Giard & Bonnier). 
Pleurocryptella formosa Bonnier, 1900, p. 319, pl. xvii, figs. 1-13. 


OccURRENCE. 

Two specimens were obtained by Tattersall (1905, p. 76) from west of Porcupine 
Bank off Ireland, Lat. 53° 7’ N., Long. 14° 50’ W., at 500 fathoms in May 1905. 
The host was Ptychogaster formosus A. Milne-Edwards. 


Genus PSEUDIONE Kossmann, 1881. 
The following species of Pseudione from European waters have been described 


from the Anomura. 
' Author. Parasite. Host. 
Giard & Bonnier (1890) Pseudione hyndmanni (Bate & Hupagurus bernhardus (L.). 
and Bonnier (1900). Westwood). 


Pseudione proxima Bonnier ..... Eupagurus bernhardus (l.). 
Pseudione dubia Bonnier ........ Hupagurus pubescens (Kroyer). 
Pseudione confusa (Norman) .... Galathea dispersa Bate. 
Pseudione insignis Giard & Bonnier Munida bamffica (Pennant). 
Pseudione callianassae Kossman.. Callianassa Saline ( oon 
Sse seudione crenulata G.O, Sars.... From both unida tenuimana 
a vA G. O. Sars and M. bamffica 
(Pennant). 
H. Caspers (1939) Pseudione borealis, H. Caspers... . Callianassa subterranea (Montagu). 
Pseudione tuberculata H. Caspers... Callianassa sp, 


layla 
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These have been recorded from the British Isles with the exception of the last 
two species. Bonnier (1900, p. 299) separated Ps. dubia from Ps. hyndmanni only 
because it occurred on a different species of host and it is also doubtful if Ps. proxima 
Bonnier (1900, p. 298) is distinct from Ps. hyndmanna. 


Pseudione hyndmanni (Bate & Westwood). 


Phryxus hyndmanni Bate & Westwood, 1868, 2, 243. 

' Pseudione hyndmanni Stebbing, 1893, p. 411. 
Pseudione hyndmanni Bonnier, 1900, p. 295, pl. xviii, figs. 1-14 (see references and synonyms). 
? Pseudione dubia Bonnier, 1900, p. 299. 


OCCURRENCE. 

This species is distributed round all the coasts of the British Isles; records 
are more numerous for the south, west and north coasts than for the east coast. 
British records extend as far north as the Orkneys and Hansen (1916, p. 206) has 
taken it from North and South Iceland. The first specimen, recorded by Bate & 
Westwood (1868) as Phryxus hyndmanni was taken at Groomsport, Ireland, by 
Mr. G. C. Hyndman in 1851, and Bate & Westwood (1868, p. 243) also record an 
immature specimen taken off the Durham coast. This latter record is the only one 
seen for the east coast. Records for the Firth of Clyde have been made by 
Henderson (1885, p. 335) and Scott (1897, p. 136), while Patience (1911, p. 16) 
records it from the Clyde on Anapagurus laevis (Thompson) and also on Hupagurus 
prideauxt (Leach). 

The following table shows the locality, date and host of the available material 
examined by the author, and the present location of the reference collection. 


Date. 


Host. 


. bernhardus (L 
. bernhardus (L 
(L 
(K 


Reference collection. 


.) ... Norman Collection, British Museum. 

.) ... Norman Collection, British Museum. 

e) Norman Collection, British Museum. 

Scottish Marine Biological Association, 
Millport. 


Locality. 
Starcross, Devon.... 
Valentia, Ireland ... 
Firth of Clyde 
Firth of Clyde 


. bernhardus 
. pubescens 


2 1922 : i -.. J Scottish Home Department, Fisheries 
Orkney Islands oo pubescens (razr Laboratory, Aberdeen: 
Tslevos Mamie scat te 1948 EH. pubescens (Kréyer) Marine Station, Port Erin, Isle of Man. 


REMARES. 


Sars (1899) described a Pseudione from Hupagurus bernhardus (L.) as Pseudione 
hyndmanni (Bate & Westwood) and stated that it was identical with another 
specimen from Hupagurus pubescens (Kroyer). Bonnier (1900) pointed out that 
Sars’ description did not agree with the specimens which he, Bonnier, found in the 
English Channel and which were identical with British specimens sent to him for 
examination by Canon A. M. Norman. The main differences between the specimens 
found by Sars and Bonnier are as follows :-— 


Sars. 
Double pair of short lateral processes on 
the posterior ventral lamella of the head. 


Posterior processes of lst oostegite rounded 
and incurved. 


Pleopods tuberculate and project beyond 
the epimeral plates of the metasome when 
the animal is seen from the dorsal side. 


Bonnier. 
Single pair of long lateral processes cn 
the posterior ventral lamella of the head, 


these processes reaching nearly to the mid-li 
of the body. s) ne 


Posterior processes of Ist oostegite pointed 
and not inecurved. 


Pleopods not tuberculate and do not 
project beyond the epimeral plates of the 
metasome when the animal is seen from the 
dorsal side. 


Because of these differences Bonnier (1900), without examining Sars’ specimens 
created the species Pseudione proxima for the Norwegian specimens, Hansen 
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(1916, p. 206) made no mention of Ps. proxima Bonnier, and named all his material 
from Kuropean waters Ps. hyndmanni (Bate & Westwood). Nierstrasz & Brender 
a Brandis (1926, p. 20) did recognize Bonnier’s separation of the two species and 
attributed those described by Hansen (1916) to Ps. proxima. Dollfus & Carayon 
(1942, pp. 446-450) in describing Ps. hyndmanni from Anapagurus laevis (Thompson), 
thought the validity of Ps. proxima provisionally acceptable, but they remarked 
that only a fresh examination of Sars’ and Hansen’s material would establish the 
extent of variation between individuals of Ps. hyndmanni and Ps. proxima. 

It seems advisable to accept the distinction between these two species until a 
re-examination of all the material is carried out. 


DEscRIPTION OF BritisH MATERIAL. 

The specimens examined by the author from the British Isles agree in most 
features with Bonnier’s description of Ps. hyndmanni, but have some characters in 
common. with Ps. proxima Bonnier (i.e. with Sars’ species). All possess a single 
pair of lateral processes to the posterior ventral lamella of the head, but these 
processes are short and do not nearly reach the mid-line of the body. The posterior 
prolongation of the first oostegite is incurved and rounded like that of Ps. proxima. 
The pleopods are short and do not extend beyond the epimeral plates of the 
metasome when the animal is seen from the dorsal side, but they are somewhat 
tuberculate. The male pleotelson more closely resembles that of Ps. proxima 
Bonnier in having the length of the last segment equal to its width. The British 
specimens do not show any marked variation in form although obtained from widely 
separate localities. 

Hosts. 

Dollfus & Carayon (1942, pp. 448-9) pointed out that since Sars and Hansen 
did not distinguish between Ps. hyndmanni (Bate & Westwood) and Ps. proxima 
Bonnier, it is impossible to know with certainty whether Ps. hyndmanni is parasitic 
on both Eupagurus bernhardus and EB. pubescens. British specimens examined were 
obtained from both these hosts and the parasites were identical. The record made 
by Patience (1911) of Ps. hyndmanni (Bate & Westwood) from Anapagurus laevis 
(Thompson) is probably valid as Dollfus & Carayon (1942) could not find. sufficient 
differences in the specimen they obtained from Anapagurus laevis to justify its 
separation from Ps. hyndmanni. Patience’s record (1911) of Ps. hyndmann. (Bate 
& Westwood) from Eupagurus prideauxi also needs confirmation since it is the only 
British record of a Pseudione from this hermit crab.* 


Pseudione crenulata G. O. Sars. 


Pseudione crenulata G. O. Sars, 1899, p. 203, pl. Ixxxvi, fig. 1. 
Pseudione crenulata Bonnier, 1900, p. 303. 


OccCURRENCE. 

There are few records available for this species round the British Isles, although 
the host is abundant in some localities. Only two records have been found, both 
“for the Firth of Clyde, namely one by Scott (1899, p. 266), and the other in the 
Fauna and Flora of the Clyde Area edited by Elliot, Laurie & Murdoch (1901, p. 336). 

The following table shows the locality, date, and host of the available material 
examined by the author, and the present location of its reference collection :— 


Loeality. Date. Host. Reference collection.. 
IDEN San ed to en —  Munida bamffica (Pennant). Marine Biological Association, 
Plymouth. 
Northumberland coast. 1935 Munida bamffica (Pennant). Dove Marine Laboratory, Culler- 
coats. 


Loch Carron, Scotland. 1887 Munida bamffica (Pennant). British Museum. 


* Dr. E. Dahl (1949, pp. 7-12) shows quite clearly that Ps. dubia Bonnier is in fact a synonym 
of Ps. hyndmanni (see footnote p. 224). 
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REMARKS. . 

Sars (1899) said that he obtained Ps. crenulata from both Munida tenuimana 
G. O. Sars and M. bamffica (Pennant) (=M. rugosa G. O. Sars) but Bonnier (1900, 
p. 303) appears to have misread Sars because he thought that Sars obtained 
Ps. crenulata only from Munida tenuimana. 

In all, ten specimens of M. bamffica from the Plymouth collection have been seen 
showing signs of parasitization. Five of these had swollen gill chambers without 
the parasites, and five carried parasites. The hosts without the parasites had 
apparently outlived their parasites as they were very large, and the vacated gill 
chambers had partly collapsed. Of these hosts four were males and one was a female ; 
all four males showed evidence of change towards the female form of pleopod, but the 
single female specimen appeared unaffected. The five specimens carrying parasites 
were all males and showed more evidence of change towards female pleopod than 
those with discarded parasites. In the ten parasitized hosts, seven of the parasites 
were carried on the left side and three on the right side. Rayner (1935, p. 237) 
found that in M. gregaria (Fabricius) and M. subrugosa (White) the parasite 
Pseudione galacanthae Hansen showed a strong preference for the right branchial 
chamber. 


Pseudione insignis Giard & Bonnier. 


Palaegyge insignis Giard & Bonnier, 1890, p. 385. 
Pseudione insignis Stebbing, 1893, p. 411. 
Pseudione insignis Bonnier, 1900, p. 301, pl. xxii, figs. 1-10. 


OCCURRENCE. 


Only two records have been found of this species, one for the Isle of Man 
(Moore, 1937, p. 116) from Galathea squamifera Leach and the other for Devon in 
the Plymouth Marine Fauna (1931, p. 187) from Munida bamffica (Pennant). The 
first of these records may well refer to Ps. confusa as it was recorded from Galathea 
squamifera Leach. 


REMARKS. 


The only specimen examined is in the reference collection at the Marine Biological 
Association, Plymouth, and was collected along with Ps. crenulata from Munida bamffica 
in Devon waters. It certainly appears to be distinct from Ps. crenulata but until a 
large number can be obtained it is impossible to say whether there are intermediate 
forms between Ps. crenulata and Ps. insignis. 


Pseudione confusa (Norman), 


Phryxus galatheae Bate & Westwood, 1868, 2, 249. 

Gyge confusa Norman, 1886, p. 13. 

Pseudione confusa Stebbing, 1893, p. 411. 

Pseudione confusa Bonnier, 1900, p. 304 (see references and synonyms). 


This species was first described by Bate & Westwood as Phryxus galatheae 
and supposed by them to be the same as Pleurocrypta galatheae Hesse. The 
recorded it as collected by Canon A. M. Norman from the Shetland Isles in 1864 
on Galathea intermedia Lilljeborg. Norman later explained (1869, p. 288) that 
he had identified the host incorrectly ; it should have been Galathea dispersa Bate. 
Norman (1886) later noticed the mistake made by Bate & Westwood and renamed the 
specimen Gyge confusa ; Stebbing (1893) correctly named it Pseuwdione confusa 
(Norman). Several well-preserved specimens of a Pseudione collected by Norman 
from Galathea dispersa Bate, are in the British Museum. This species is probably 
the same as that recorded by Bate & Westwood and the present author describes 
it under the name Pseudione confusa (Norman). 
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OCCURRENCE. 
Locality. Host. Reference collection. 
Oban, W. Scotland. Galathea dispersa Bate. Norman Collection, British Museum. 
Valentia, S.W. Ireland. Galathea dispersa Bate. Norman Collection, British Museum. 


DESCRIPTION OF FEMALE (PI. 45, figs. 1-5). 


Body pear-shaped, asymmetrical, with its greatest width at the fourth mesosomal 
segment (figs. 1, 2); length 7 mm., greatest width 4-2 mm. 

Cephalon with a very deep, crenulated frontal border ; eyes small but distinct ; 
posterior ventral lamella of head small with two lateral lamellae on each side ; third 
maxilliped (fig. 4) triangular, no setae on its terminal lobe. 

Mesosome with distinct pleural bosses on the lateral dorsal edges of segments 1-4, 
the middle two being the most prominent ; coxal plates of the shorter side produced 
into finger-like processes ; first oostegite (fig. 3) similar to that of Ps. crenulata. 

Metasome without constriction between the mesosome and metasome ; epimeral 
plates of about the same size as the lamellae of the pleopods, broad, tuberculate, with 
crenulated margins; pleopods (fig. 5) biramous, broad, tuberculate; uropods 
slightly longer than the lamellae of the pleopods and similar in character. 


DESCRIPTION OF MALE (PI. 48, fig. 6 (A, B, & C)). 


Body two-fifths as broad as long, with all segments clearly separated ; metasome 
markedly narrower than mesosome. Length 3-] mm., greatest width 1-3 mm. 

Cephalon roughly oval with small indistinct eyes, which may have been more 
pronounced in fresh material; antennules short, 3-jointed; antennae twice as 
long as antennules and 4-jointed. 

Mesosome without distinguishing characters: 

Metasome one-quarter the total length of the body; five pairs of well-defined 
tubercles on the ventral side; terminal segment obscurely trilobate (fig. 6 B). 


REMARKS. 

This species more closely resembles Ps. crenulata than Ps. insignis, but differs 
markedly from both in the greater width of the cephalon and especially in the great 
depth of its frontal lamella. The pronounced pleural bosses of the mesosome are 
also distinctive and the finger-like processes on the shorter side of the mesosome 
are usually absent in both Ps. crenulata and Ps. insignis. The epimeral plates of the 
metasome are considerably more crenulate than in either of the above two species 
and the pleopods are more tuberculate. 


Pseudione callianassae Kossmann. 


Pseudione callianassae Kossmann, 1881, p. 663, pl. xxxiul, fig. 37. 
Pseudione callianassae Bonnier, 1900, p. 293 (see references and synonyms). 


OccURRENCE. 

A single specimen of this species is recorded in the Plymouth Marine Fauna 
(1931, p. 187) from the Mewstone grounds 13. xi. 29, on Callianassa subterranea 
(Montagu). The specimen, which was checked by W. M. Tattersall, has been lost. 


Genus ATHELGES Hesse, 1861. 
Three species of this genus, all of which have been obtained in British waters, 
were described by Sars (1899) :— 
Athelges paguri Rathke on Eupagurus bernhardus (LL). 
Athelges bilobus G. O. Sars on Hupagurus cuanensis (Thompson). 
Athelges tenuicaudis G. O. Sars on Anapagurus chiroacanthus (Lilljeborg). 


A fourth species, Athelges prideauxii Giard & Bonnier, previously only recorded 
from Naples, has been obtained from the Firth of Clyde. 


\ 
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Athelges paguri Rathke. 


Athelges pagurt G. O. Sars, 1899, p. 210, pl. Ixxxviii (see references and synonyms). 


OcCURRENCE. 

This species appears to be distributed round all the coasts of the British Isles 
and Ireland. 

It was recorded by Bate & Westwood (1868, 2, 240) as Phryxus paguri from 
Strangford Loch, Ireland ; Polperro, Cornwall; St. Andrews, east coast of Scotland. 
An immature specimen was recorded by the same authors from Banff, N.E. Scotland, 
under the name of Ph. fusticaudatus. Norman (1907, p. 363) recorded it from 
both Jersey and Guernsey, Channel Islands, on Hupagurus bernhardus, and Cattley 
(1938, p. 289) recorded it from Plymouth, Devon, as having occurred in the branchial 
cavity of a single specimen of H. bernhardus. Henderson (1885, p. 335) and Scott 
(1897, p. 136) recorded it for the Firth of Clyde; Scott also recorded it for the 
Firth of Forth. Tattersall (1905, p. 55) recorded it from Galloway Bay, Ireland, as 
occurring on Anapagurus laevis (Thompson) and on Hupagurus prideauxi (Leach). 

These last two records may refer to other species. 

The following table shows the locality, date, and hosts of the available material 
examined, and the present location of the reference collection. 


Locality. Date. Host. Reference collection. 
Guernsey, ChannelIslands — 4. bernhardus (L.). Norman Collection, British Museum. 
Starcross, Devon....:... — HE. bernhardus (L.). Norman Collection, British Museum. 
Tsletof Mam‘... 7/20 « 222. 1939 EH 


L 
L 
. bernhardus (L.). Marine Biological Station, Port Brin, 
Isle of Man. 
L 
AG; 


Amble, Northumberland —  K. bernhardus (L.). Dove Marine Laboratory, Cullercoats. 

Minthiot Glydetecncss) L949 Be bernhardus (L.). Scottish Marine Biological Association, 
Millport. 

REMARKS. 


679 H. bernhardus collected intertidally from Millport during 1949 were examined. 
From them ten Athelges paguri were obtained giving nearly 1-5°% infection. All the 
hosts were under half size, and from a large number of full-grown hosts trawled from 
deeper water not a single specimen of Athelges paguri has been obtained. 

The above ten specimens from the Clyde together with those examined from the 
other reference collections were all identical. Three adult females, two males and 
two immature female specimens were sent to me by Mr. N. S. Jones, collected in 
28 fathoms, c. 5 miles N.W. Bradda, Isle of Man on Anapagurus laevis Thompson. 
These are very closely related to Athelges pagurt but, without further specimens 
and a knowledge of the variation in 4. paguri, it is not possible to say whether they 
are a variety (or subspecies) of this species or an entirely new species. A description 
and figure are, therefore, included in this paper, together with distinguishing 
characters. 5 

Patience (1911, p. 16) in the Supplement to the Clyde Marine Fauna, records 
A. paguri from the Firth of Clyde as occurring on Anapagurus laevis Thompson. 
The record might refer to this form of 4 thelges pagurt 


DESCRIPTION OF A. PAGURI, VARIETY FROM ISLE oF Man. 
A. Frmae (Pl. 46, figs. 1, 2, 4, 5). 


Body compact and asymmetrical. Length 7-6 mm, greatest width 4-25 mm. 

ck ee kare circular and rather large in proportion to the body ; antennules 
very reduced ; antennae 4-jointed; third maxilli imilar i 
A. paguri (see Sars, 1899, aly 88) piper iiaees  f 

Mesosome segments very clearly defined on the dorsal side ; oostegites covering 
closely the whole of the ventral side ; first oostegite (fig. 5) very similar to that of 
A, paguri, somewhat more squat but not diagnostically different ; from the dorsal 
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aspect, the first and second oostegites form a pronounced foliaceous crown to the 
head, which is markedly greater than in 4. paguri. 

Metasome one-third the total length of the body; terminal segment (fig. 4) 
hatchet-shaped, without any rudimentary lamellae ; pleopods large, and rather 
irregularly quadrilateral in shape. 


B. Mate (PI. 46, fig. 6). 

Body compact, with the segments of the mesosome closely applied against each 
other. Length 3-9 mm., greatest width 1-4 mm. 

Cephalon broad, semicircular, with the posterior margin not sunk into the anterior 
edge of the first mesosomal segment; eyes large, distinct and laterally placed ; 
antennules 3-jointed, small; antennae 5-jointed, the last two joints extending 
beyond the anterior edge of the cephalon. 

Mesosome segments closely packed. Pleopods similar to those of other species 
in the genus. 

Metasome one-third of the total length of the body; triangular and with 
indications of segmentation. 


C. IMMATURE FEMALE (PI. 46, fig. 3). 

Body oval in shape with the metasome of the same length as the mesosome but 
abruptly narrower. Length of two specimens c. 2 mm., greatest width c. 0-9 mm. 

Cephalon small, antennules rudimentary and single jointed; antennae longer, 
4- or 5-jointed ; third maxillipeds forming a pair of triangular lamellae. 

Mesosome flattened on the ventral side, rounded on the dorsal side; oostegites 
indicated as six small lamellae. 

Metasome narrower than the mesosome, cylindrical and tapering towards the 
terminal segment, which has a bulbous four-lobed apex (fig. 3). In the larger of the 
two specimens the terminal segment is not so markedly 4-lobed and has four 
well-spaced lamellae on the ventral side. Exopods fairly well developed, endopods 
still rudimentary. 

The main characters by which these specimens can be distinguished from a typical 
A. paguri are, in the female, the foliaceous nature of the first and second oostegite 
when the animal is viewed from the dorsal side; the marked segmentation of the 
dorsal side of the mesosome ; the shape of the terminal segment of the metasome, 
which lacks lamellae as seen in all other European species of Athelges. The male is 
distinguished by its large rounded head, closely applied mesosomal segments and 
triangular metasome. The immature female shows the following differences when 
compared with the immature specimen illustrated as A. paguri by Sars (1899, 
~ pl. 88) and with a specimen obtained from the Clyde, both of about the same size. 
In A. paguri the metasome is evenly and broadly tapered from the mesosome'and 
its length is less than that of the rest of the body. ‘The terminal segment is similar 
to that of the adult. In the immature specimens from the Isle of Man the metasome 
is narrow, abruptly tapered from the mesosome, and its length is equal to that of 
the rest of the body. The terminal segment is unlike that of the adult and is bulbous, 
with either four indistinct lobes or with four well-spaced lamellae. 


Athelges bilobus G. O. Sars. 
Athelges bilobus G. O. Sars, 1899, p. 213, pl. Ixxxix, fig. 3. 


OCCURRENCE. 

The only previous record known to me is that of the pair of immature specimens, 
on which Sars (1899) founded the species; they were parasitic on Hupagurus 
cuanensis (Thompson) from the Kattegat. In the British Museum there is a pair 
of Athelges on EB. cuanensis from Starcross; Devon, taken by Canon A. M. Norman ; 
these are thought to be mature specimens of A. bilobus G. O. Sars. 
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DESCRIPTION OF FEMALE (PI. 47, figs. 1-3). 

Body compact and markedly asymmetrical. Length 7:6 mm., greatest width 
3:8 mm. 

Cephalon semicircular, with the posterior margin broadly rounded ; antennules 
very small and 2-jointed ; antennae short and 4-jointed. 

Mesosome weakly segmented on the dorsal side ; oostegites tightly covering the 
ventral surface. The first oostegite is not illustrated because its removal would 
have damaged the specimen. Pereiopods not markedly different from those of other 
species of Athelges. 

Metasome: The total length of metasome equal to one-half the length of the 
mesosome, and tapering evenly from the mesosome; composed of five distinct 
segments ; the terminal one being equal in length to the other four ; terminal segment 
(fig. 3) cylindrical, and flattened at the apex ; dorsal face bearing a pair of ear-shaped 
lamellae ; ventral face bearing a pair of bilobed lamellae ; four pairs of pleopods 
forming attenuated lamellae tapering to blunt points, exopods being shorter than 
the endopods. 


DESCRIPTION OF MALE (PI. 47, figs. 4 A, B, 5 A, B). 

Body about half as broad as long ; length 3-4 mm., greatest width 1°5 mm. 

Cephalon rounded in front with the posterior margin slightly sunk into the 
first segment of the mesosome (fig. 4 A); antennules short, 3-jointed; antennae 
long, projecting well beyond the frontal margin of the head, 5-jointed, with setae 
on the distal anterior margins of the terminal four joints (fig. 5 A) ; eyes small but 
conspicuous. 

Mesosome divided into seven segments of almost equal width; pereiopods normal 
for the genus. 

Metasome divided into four distinct segments with the fifth segment represented 
by a small tubercle (fig. 5B); ventral surface with bulbous swellings similar to 
those seen in some male Pseudione. 

The immature specimen of A. bilobus described by Sars (1899) has the following 
characters in common with the above description :— 


(i) The terminal segment of the immature female metasome has a bilobed apex 
and also two tubercules on the dorsal side. 


(ii) The metasome of the immature male shows annulation on the ventral side 
and also bulbous swellings, one pair to each segment. 


(iii) The host was Hupagurus cuanensis (Thompson). 


_ It seems probable that the terminal segment of the metasome of the immature 
female would develop into a terminal segment with two pairs of lamellae. It is also 
likely that in the adult male there would be a segmented metasome and probably 
also swellings on the ventral surface of the segments. The male and female obtained 
Be hee Norman are therefore thought to be the adult form of Athelges bilobus 
 OnSane. 

The characters that distinguish the adult from A. paguri Rathke and 
A. tenuicaudis G. O. Sars are, in the female, the attenuated shape of the pleopods ; 
the length of the terminal segment of the metasome and the lamellae situated at 
the distal end of that segment. In the male, the main distinguishing characters are 
the length and setation of the antennae and above all the division of the metasome 
into four distinct segments with a very reduced terminal button-like fifth segment. 


REMARKS. 


Sars thought that there could be no doubt about A. bilobus being disti 
: net from 
A, pagury and A. tenwicaudis and also from those species Ee sie by eee 
Bonnier (1900, p. 166) suggested that Hesse (1876, p. 2) described A. bilobus from 
Hupagurus cuanensis (Thompson) under the name Athelgue lorifera. Hesse in his 


ANOMURA FROM BRITISH AND IRISH WATERS 233 


description of this species dealt with two immature specimens, one smaller than 
that obtained by Sars and the other considerably larger. In the younger specimen 
he described the terminal segment as longer than the other segments of the 
metasome and as having a flat part at the tip followed by rings. In a previous 
paper Hesse (1866, p. 324) attributed to this same specimen a bilobed terminal 
segment, thinking it, at that time, to be the larval form of a species of Peltogaster. 
This description could be likened to that of Sars’ species. The older of the two 
specimens of Hesse (1876) had no bilobed terminal segment to the metagome, nor 
had the metasome of the male any annulation. This description of the older 
Specimen bears little resemblance to the adult specimen collected by Canon 
Norman in 1911, and it has been thought advisable to keep A. lorifera separate 
from A. bilobus. 


Athelges tenuicaudis G. O. Sars. 
Athelges tenuicaudis G. O. Sars, 1899, p. 212, pl. Ixxxix, fig. 1. 


OCCURRENCE. 


The inclusion of this species in the fauna of the British Isles rests on a single 
record made by R. Elmhirst (1912, p. 23) for the Firth of Clyde. The host was 
eeeningal chiroacanthus (Lilljeborg) ; unfortunately both host and parasite have 

een lost. 


Athelges prideauxwt Giard & Bonnier. 
Athelges prideauatt Giard & Bonnier, 1890, p. 338, text-fig. 1. 


OCCURRENCE. 

Previously this species has been recorded only from the Mediterranean, but a 
single female specimen together with the male was taken by the author on 
26. vii. 1949 in Kilbrennan Sound, Firth of Clyde, on Hupagurus prideauxi (Leach). 
Patience (1911, p. 16) records Athelges paguri from Hupagurus prideauxi from the 
Clyde, but it is impossible to say whether this record refers to Athelges pagurt or 
A. prideauxit. 

The description and text-figure given by Giard & Bonnier (1890) for this species 
is inadequate, so I have taken this opportunity of redescribing the species. 


DESCRIPTION OF FEMALE (PI. 48, figs. 1-5). 

Body large and very asymmetrical; broadest at the sixth mesosomal segment 
and tapering anteriorly to half that width. Length 13 mm., greatest width 7-8 mm. 

Cephalon small in proportion to the body, triangular ; antennules rudimentary ; 
antennae 4-jointed ; third maxilliped similar in shape to that of A. paguri (see Sars, 
1899, pl. 88). 

Mesosome: Segments not very clearly defined dorsally. Oostegites forming a 
complete, but not very compact, covering ; long anterior portion of first oostegite 
(fig. 3) characteristic for this species; posterior portion rather truncated. 
Pereiopods (figs. 4 A, B) rather thick-set and similar in general structure to those 
of other species of Athelges. 

Metasome one-third the total length of the body. Terminal segment short, 
cylindrical, and ending in a knob-like swelling ; two biramous pairs of small lamellae 
equally spaced round the upper half of the knob (fig. 5) ; pleopods small in relation 
to the body size, widely spaced, and roughly rectangular in shape. 


DESCRIPTION OF MALE (PI. 46, fig. 6). 

Body over three times as long as broad; with the segments of the mesosome 
widely separated. Length 3-6 mm., width 1-05 mm. 

Cephalon small, rounded, posterior margin of head rather deeply notched into 
the anterior border of the first mesosomal segment. Antennules short and 3-jointed ; 
antennae 5-jointed, the last two joints extending beyond the anterior margin of the 


head. 
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Mesosome posterior segments not so broad as the anterior ones, and having their 
anterior edges strongly curved towards the metasome. 
Metasome one-quarter of the total length, narrow, tapering and unsegmented. 


REMARKS. 

Giard & Bonnier (1890, p. 338) published a very meagre description of an 
Athelges from Eupagurus prideauxi found in the Mediterranean ; this they named 
Athelges prideauxii Giard & Bonnier. The description, however, is inadequate for 
definite recognition of the species. The Director of the Marine Station, Naples, 
has kindly sent me three female specimens and one male of A. prideauaii collected 
by Professor E. Caroli. Since Giard & Bonnier’s description of A. prideauxii was 
taken from a specimen in the Dohrn Collection, Naples, it will almost certainly 
refer to the same species as that collected by Professor Caroli, who named his 
specimens A. prideauxti. The specimens from Kilbrennan Sound, Firth of Clyde, 
are undoubtedly conspecific with Caroli’s material, although they show some small 
differences. The female specimen from the Clyde has a longer anterior portion to 
the first oostegite and the biramous lamellae of the terminal segment of the 
metasome are smaller and more widely separated. In the smallest specimen from 
Naples these lamellae are larger and closer together and so they appear to become 
smaller as the animal grows. In the male, the Clyde specimen is 3:6 times as long 
as it is broad with the mesosomal segments widely spaced. The Naples specimen 
is only 2-5 times as long as broad and the mesosomal segments are closely applied. 
Notwithstanding these differences it is fairly certain that they are one and the 
same species, as they agree, in the female, in the triangular shape of the mesosome 
with its greatest width at the sixth segment; in the general shape of the first 
oostegite ; and in the bulbous nature of the terminal segment, which bears two 
biramous pairs of small lamellae. 


Genus GyGE Cornalia & Panceri, 1858. 

Only two species are contained in this genus, and both have been obtained from 
the British Isles. Gyge branchialis Cornalia & Panceri is found in the gill chamber of 
the Thalassinids Upogebia deltura Leach and U. stellata (Montagu). Tucker (1930, 
p. 10) in his excellent paper on this species records that the host is always parasitized 
when young and that host and parasite develop together, no adult individual having 
been found bearing a parasite that did not fill the gill cavity. This is confirmed 
by the present author for other genera. 


Gyge branchialis Cornalia & Panceri. 
Gyge branchialis Bonnier, 1900, p. 358, pl. xxxiv, figs. 1-11]. 


OCCURRENCE. 


This species has been recorded from the Channel Islands in 1859 by Norman 
(1907, p. 363) as occurring on Upogebia stellata (Montagu). The specimen recorded 
in the Plymouth Fauna (1931, p. 187) for Salcombe, Devon, has been checked by 
me, and agrees closely with the description given by Bonnier (1900). 

The following table gives the details of the only two specimens I have examined 
and the present location of the reference collection. 


Location. Date. Host. Reference collection. 
Salcombe, Devon ..... 1932 Upogebia deltura Leach. Marine Biological Association, Ply- 
mouth. 


Jersey, Channel Islands. 1883 Upogebia deltura Leach. Norman Collection, British Museum. 


Gyge galatheae Bate & Westwood. 
Gyge galatheae Bate & Westwood, 1868, 2, 225. 
Gyge galatheae Bonnier, 1900, p. 356. 
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OCCURRENCE. 


This bopyrid was described by Bate and Westwood from Herm, Channel Islands, 
where it was obtained by Canon A. M. Norman from Galathea squamifera Leach. 
This specimen is lost and no others have since been obtained ; nothing further can 
therefore be added to their description. 


Genus lone Latreille. 


Tone thoracica (Montagu). 
Oniscus thoracicus Montagu, 1808, p. 108, pl. iii, figs. 3, 4. 
Ione thoracica Bate & Westwood, 1868, 2, 255. 
Ione thoracica Bonnier, 1900, p. 238, pl. i, figs. 1-7; pl. ii, figs. 1-10; pl. iii, figs. 1-6 (see 
references and synonyms). 


OCCURRENCE. 


The only two records of this species seen for the British Isles are those of 
Montagu (1808, p. 103) from the Kingsbridge estuary, Devon, and of Norman 
(1907, p. 363) from Jersey, Channel Islands. In both cases the host was recorded 
as Callianassa subterranea (Montagu). 

On May 23rd, 1951, I obtained one specimen of Jone thoracica (Montagu) from. 
St. Aubins Fort, Jersey, parasitic on one of six specimens of Callianassa stebbingi 
Borradaile. 


CONCLUSIONS. 

From the list of hosts given with each parasite it will be seen that a single species 
of parasite does usually restrict itself to a single species of host. Within a given 
host-family, where different species are very similar and occupy the same habitat, 
parasites do not restrict themselves to a single host species. This is particularly 
noticeable in the genus Pleurocrypta, parasitic in the branchial cavities of the 
Galatheids. It seems only natural that the parasite should be more variable both in 
body shape and morphology where it is not restricted to a single host-species. On 
the other hand in the genus Pseudione the species Ps. hyndmanni, although parasitic 
on three or four species of hermit crab, does not show any marked tendency to vary. 
Without a large number of specimens of any single species, therefore, it is difficult 
to know how much variation occurs within that species of parasite. With the 
restricted amount of material available I have not been able to come to any definite 
conclusion on the amount of variability within a given species of parasite. 

The genus Pleurocrypta does not seem to cause any marked parasitic castration 
of its host. Bonnier (1900, p. 121) has recorded the effect of castration on the host’s 
pleopods, which change from the male towards the female form and Pérez (1926-27) 
thinks that these changes give an index to the degree of castration that has taken 
place. In many of the parasitized hosts which I have examined no marked change 
in the form of the pleopods has been noted, and three parasitized female Galathea 
squamifera and one G. nexa and one G. intermedia carried a full complement of eggs 
attached to the pleopods. ; 

Rayner (1935, p. 237) has pointed out that the species Pseudione galacanthae 
Hansen which parasitizes Munida gregaria (Fabr.) and MM. subrugosa (White) showed 
a marked preference for the right branchial chamber. No such preference has been 
observed in the thirteen specimens of Plewrocrypta galatheae collected from Wembury, 
near Plymouth. In this collection ten parasites were found in the right, and six in 


the left, branchial chamber. 
APPENDIX. 
Pseudione diogeni Popov. 


Popov, W. 1929. Rhizocephala and Bopyridae of the bay of Sevastopol. [Russian, English 
rés.| Trav. Stat. biol. Sébastopol, 1, 1-26, 1 pl = ; : 

CoprEanu, R. 1941. Sur les Pagures du littoral Roumain de la Mer Noire et leurs Crustacés 
parasites. Anal, Acad, romdne. (3), 16, 1095-1133. 
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After this paper went to press, I found two specimens of Pseudione drogeni 
on Diogenes pugilator (Roux) from Jersey, Channel Islands, on 30.8.1952. These 
specimens agree very closely with the description given by the above two authors 
and it appears that they are the first specimens obtained outside the Black Sea area. 
One specimen has been placed in the collection at the British Museum. 
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FIG.4. 


FIG.3 


Pleurocrypta longibranchiata (Bate & Westwood). 


Fig. 1.—Female, dorsal view. Length 11-9 mm., greatest width 4-4 mm. 
Fic. 2.—Female, ventral view, with male attached. 
Fic. 3.—Male, dorsal view. Length 2°3mm., greatest width 0-7 mm, 


Fra. 4.—Male, ventral view. 
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FIG). FIG2. 


FIG.6. FIG 4. RlGrS: 


Pseudione confusa (Norman). 


Fic. 1.—Female, dorsal view. Length 7 mm., greatest width 4:2 mm. 
Fie. 2.—Female, ventral view with male attached. 

Fic. 3.—First oostegite. Left side, external face. x 10. 

Fig. 4.—Third maxilliped. Left side, external face. x 10. 

Fig. 5.—Second pleopod. x9. 

Fig 


-6.—Male. Length 3-1 mm., greatest width 1:3 mm. A, dorsal, B, terminal segment of 
metasome, ventral view, C, ventral view. 
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FIG.3. FIG.4. FIG.6, 


Athelges paguri Rathke, variety from the Isle of Man. 


Fie. 1.—Female, dorsal view. Length 7:6 mm., greatest width 4-25 mm, 
Fie. 2.—Female, ventral view. 

Fie. 3.—Female, immature. Length 2mm. Ventral view. 

Fie. 4.—Terminal segment of female metasome. x 20. 

Fic. 5.—First oostegite, right side, external face. x 10. 

Fia. 6.—Male, dorsal view. Length 3-9 mm., greatest width |-4 mm, 


Fie 


Fic. 


Fie 
Hie 
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FIG. 2. 


A. FIG 4 B. FIG-S: 


Athelges bilobus G. O. Sars. 


. |.—Female, dorsal view. Length 7-6 mm., greatest width 3:8 mm. 
2.—Female, ventral view with male attached. 
. 3.—Terminal segment of female metasome. 20. 


5,—Male, ventral view. x10, A, cephalon, B, metasome, 


.4.—Male. Length 3-4 mm., greatest width 1:5 mm. A, dorsal, B, ventral view 
Fie. 
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FIG, 2. 


FIGS. 


FIG.4. 


Athelges prideauxi Giard & Bonnier. 


Fig. 1.—Female, dorsal view. Length 13 mm., greatest width 7:8 mm. 

Fig. 2.—Female, ventral view. 

Fic. 3.—First oostegite, right side, external face. x 10. 

Fie. 4.—Female pereiopods, right side. «10. <A, posterolateral, B, median aspect. 
Fia. 5.—Terminal segment of female metasome. x 10. 

Fic, 6.—Male, dorsal view. Length 3-6 mm., greatest width 1-2 mm, 
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I. Inrropuction. 

The classic work of Parker (1873), and subsequently that of Gaupp (1906) and 
Boker (1913) by modern methods, on the structure and development of the skull of 
Salmo constituted the basis of our knowledge of the cranial development of teleostean 
fishes. Further work has been done on other members of the same class by various 
authors, e.g. McMurrich (1884), Winslow (1898), Swinnerton (1902), Agar (1906), 
van Wijhe (1922), Mackintosh (1923), de Beer (1927), Sewertzoff (1928), Moy-Thomas 
(1933) and others. All these authors described foreign forms, no work has been 
done on the development of the cranium in Indian fishes except by Ramaswami (1945) 
on the exotic Cyprinodont fish Gambusia. However, descriptions of the external 
changes noticed among the developing fry of Indian forms abound in literature. 

My object has been to describe the development of the chondro- and osteo- 
cranium in the common teleost Ophicephalus, which is studied as a type in most 
Indian Universities. The adult skull has been described by Day (1914) and partially 
redescribed by Bhimachar (1932) and Gregory (1933). Berg (1947) has reproduced 
in his book the figure of the lateral view of the skull and pectoral girdle of Ophicephalus 
striatus from Day (1914). The account of the hyoid cornu and branchial arches given 
by Day (1914) is incomplete. Kulkarni (1948) described the head skeleton of Indian 
cyprinodonts like Aplocheilus, Oryzias and Horaichthys. But the complete endo- 
skeleton of two other Indian examples, Labeo rohita and Otolithus ruber, has been 
described by Sarbahi (1932) and Dharmarajan (1936) respectively. I have dealt with 
only the development of the chondrocranium in this article, and shall describe the 
structure of the skeleton in a later paper. 

I hope that the present work will fill the lacuna in our knowledge of an Indian 
form that is studied as a type. 


Il. MarerraL AND Mernops. 

In. November 1949 spawn of Ophicephalus was obtained and young ones were 
reared in the laboratory. The fry were fixed after hatching. They were fixed at 
intervals of 24 hours and successive stages thus secured. Some of the stages were also 
collected from their natural habitat for the sake of comparison. — 


* Part of the thesis accepted for the degree of Master of Science of the University of Mysore 
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The young ones have been identified as belonging to Ophicephalus gachua Ham, 
In addition to examining the young and adults of this species, those of Ophicephalus 
striatus Bloch. and of Ophicephalus punctatus Bloch. have also been studied for 
purposes of comparison. : 

The following are the different stages of Ophicephalus gachua Ham. that were 
ae on different days, commencing from 5th November. The length is noted in 
each case. 


Total No. of days 
pare SLE length after atcha ECE) 
5th Nov 1 2-75 mm. One day Transverse and longitudinal sections. 
6th Nov 2 4-00 mm, Two days Wax model reconstruction, 
7th Nov 3 4-00 mm, Three days Transverse sections, 
8th Nov 4 4-50 mm, Four days Wax model and graphic reconstruction. 
9th Nov. 5 4-50 mm, Five days Wax model reconstruction, 
| 10th Nov 6 5:00 mm. Six days Transverse sections. 
14th Nov. 7 6-00 mm, Ten days Wax model reconstruction, 
| 30th Nov. 8* 24-00 mm. Young Wax model reconstruction. 


*The gap between stages 7 and 8 is considerable. Though in the latter considerable 
development has taken place, it is not difficult to reconstruct the more important stages 
which have taken place during this period. 


The fry were fixed in picroformol for one to two hours and were transferred to 
70% alcohol for upgrading. The sections were cut at 10 microns, and were stained in 
iron haematoxylin, Delatield haematoxylin and haemalum, and were also counter- 
stained with eosin. Wax model reconstructions were made in several cases from 
series of transverse and longitudinal sections. Graphic reconstructions were also made 
_ of early stages, but they were not useful for the advanced stages. 


III. OBSERVATIONS. 
Stage 1. (One day after hatching, total length 2-75 mm.) (Pl. 49, fig. 1.) 

This is the earliest stage in the development of the chondrocranium that has been 
studied. The larva has just escaped from the egg capsule and retains a large amount 
of yolk. As regards externals of the embryo, the mouth, gills and fins have not 
developed, but the tail is considerably elongated. The dorsal, ventral and median 
fins are noticed in the form of fin-folds. The notochord is faintly visible externally. 
The nasal sacs can be clearly made out anteriorly. The eyes, which were unpigmented, 
can be seen easily on either side. The myotomes have developed. 

The head-skeleton is represented principally by tracts of mesenchyme cells which 
are becoming concentrated in positions where cartilage is to be formed subsequently. 
The premandibular somite is visible and there is no connective tissue connecting the 
premandibular somites of either side. The foregut has already been formed. 

There is on either side of the hypophysis a mass of mesenchyme in close contact 
with its ectoderm called by de Beer (1931) the ‘ plaque’ or plate (Pl. 49, fig. 1, pl). 
This is continuous posteriorly with the mandibular arch mesenchyme. It is also 
noticed on tracing the transverse sections posteriorly that a portion of this separates 
and unites with its fellow from the opposite side below the notochord. 


Stage 2. (Two days after hatching, total length 4-00 mm.) (Pl. 49, fig. 2 and figs. 
12, 13 and 14.) 

The nasal sacs, which were just appearing in the previous stage, can be clearly seen. 
The eyes are pigmented and the lens is already formed. The mouth is just appearing, 
and it is in the form of a groove covered over by the skin. The rudiment of the 
pectoral fin is just forming. The anus is formed. 

The notochord (figs. 12, 13, 14, n) extends as far as the hypophysis, and the 
anterior end is clearly visible. The solid hypophysis (Pl. 49, fig. 2, h) can still be made 
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out. The trabecular (Pl. 49, fig. 2 and figs. 12, 13 and 14, tc) rudiments are being 
formed at the level of the hypophysis from the inner side of mesenchymatous 
plaques.referred to in stage |. They arise in the form of two independent rods which 
end freely on either side of the forebrain ; the outlines of the two small rods are 
quite definite. 

The parachordals (Pl. 49, fig. 2 and figs. 12, 13 and 14, pc) are also formed on 
either side of the anterior region of the notochord and otic capsule (figs. 12, 13 and 
14, as). The anterior portions are slender and slightly diverge away from the 
notochord and also from each other. At this stage there is no sign of the chondri- 
fication of the visceral skeleton. 


Stage 3. (Three days after hatching, total length 4:00 mm.) (Figs. 3, 4, 5 and 6.) 

The mouth, which was in the form of a groove inthe previous stage, is now developed 
into a transverse slit. The operculum is developed, with an opercular orifice. The 
pectoral fin is considerably developed and shows movement. 

The trabeculae (fig. 4, tc) have lengthened and are now united anteriorly to form 
a trabecula communis (fig. 3, tcom), the region where the two have united, forming 
the thin ethmoid plate. The parachordals (figs. 5, 6, pc) are well developed and 
are situated on either side of the notochord (n) : they are in the form of thin saucers. 
The rudiments of the auditory capsules (figs. 4, 5, 6, ac) have appeared, forming the 
floor of the auditory vesicles (figs. 4, 5, 6, as). Each of the cartilaginous rudiments 
is united with the anterolateral portion of the parachordal of its side. The trabeculae 
are free posteriorly and join the anterior ends of the parachordals, enclosing a large 
hypophysial fenestra into which projects the notochord. 

Chondrification has already set in in some of the elements of the visceral arch 
skeleton. The first visceral arch is seen. The dorsal piece—the. palato-quadrate 
bar—is not completely chondrified. The ventral Meckel’s cartilage (fig. 4, me) on 
each side is differentiated and the two rami have united anteriorly (fig. 3, mcuw). 
But it is interesting to observe that the quadrate (fig. 4, gu) portion of the pterygo- 
quadrate bar is united with the hyomandibula of the second visceral arch (hyoid. 
arch). Thus the united hyomandibula-quadrate bar (fig. 5, hm) articulates by its 
dorsal surface with the auditory capsule. The large bar of cartilage, which appears 
to be a continuous element, corresponds to the similar element of Sebastes (Mackintosh, 
1923). 

Of the remaining portions of the second visceral arch, the median basihyal, lateral 
hypohyal and ceratohyal (figs. 5, 6, ch) are represented on each side of the basihyal. 

The first and second branchial arches have made their appearance (figs. 5, 6, 
bal, ba2). The basibranchials have fused medially in continuation with the 
basihyal to form a copula communis (ccom.). The branchial bars are in the form of 
continuous rods on either side of the copula. The individual branchial arches do not 
show the differentiation into various elements of the arch, viz. the hypo-, cerato- and 
pharyngobranchs. 


. Stage 4. (Four days after hatching, total length 4:50 mm.) (Figs. 15, 16, 17 and 18.) 

By now the larva begins to swim in the correct position. The pectoral fin moves 
briskly and helps in the locomotion of the larva. The yolk-sac is considerably 
diminished in size. 

The ethmoid plate (figs. 15, 16, 17, ep) is lengthened anteriorly, constituting 
about a third of the entire length of the chondrocranium. . The hypophysial fenestra 
(figs. 15, 16, hf) is large and triangular in outline and the notochord (n) projects 
slightly into it. The notochord is distinctly median anteriorly, placed between the 
parachordals (pc), while posteriorly it occupies.a slightly ventral position. 

The auditory capsules (figs. 15, 16, 17, ac) show little advance in development 
over the previous stage. They are slightly curved upward and are united to the 
parachordals anteriorly by means of the anterior basicapsular commissure (figs 
15, 16, abc) and posteriorly by a basivestibular commissure (bvc) with the basicapular 
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fenestra (bef) in between them. Behind the basivestibular commissure is a gap 
which opens posteriorly in front of the occipital arch. The glossopharyngeal and 
the vagus nerves pass through this gap. The roof and the side walls of the auditory 
capsules are not yet formed. 

The rudiments of the occipital arch (figs. 15, 16, 17, oa) are seen as lateral projec- 
tions to the parachordals posteriorly. There is a narrow niche (figs. 15, 16, nt) in 
the anterior region of the occipital arch. 

In the visceral arch skeleton Meckel’s cartilages (figs. 15, 16, 17, mc) have 
fused anteriorly at the symphysis and are anterior and ventral to the ethmoid plate. 
The pterygoid process (ptp) is noticed as an independent piece of cartilage and lies 
one on either side of the middle region of the ethmoid plate. The quadrate (qu) is 
still fused with the ventral end of the hyomandibula (hm). The symplectic (figs. 
15, 17, hs) is also fused with the hyomandibula ventrally to the quadrate. The 


Fie. 3, 4, 5, 6.—Transverse sections of the embryo of Ophicephalus gachua Ham. Stage 3. 
(Total length 4-0 mm.) 
Fies. 7, 8, 9.—Ditto. Stage 5. (Total length 4-5 mm.) 


anterior portion of the quadrate is dorsal to the hind end of Meckel’s cartilage and 
posteriorly it articulates with the auditory capsule from its dorsal surface. By now 
‘the hyomandibular branch of the facial nerve pierces through the mesial surtace of 
the hyomandibular cartilage by an independent foramen (fig. 17, fh). 
The hypoceratohyal (fig. 18, ch) is a stout cartilage attached to the basihyal 
(figs. 16, 18, bh) ventrally and anteriorly. Posteriorly the two ceratohyals diverge 
from each other and lie posterior to the hyosymplectic. 
The first four branchial arches (figs. 16, 18, ba 1-4) are developed. The basi- 
branchials of the four branchial arches have fused medially along with the basihyal 
to form a long copula communis (ccom) as already recorded. Slight constrictions 
are seen along the course of the copula, where branchial arches articulate. The frst 
two ceratobranchials (ba 1) are larger than the third (da 3) and the fourth (ta 4), which 
has made its appearance in this stage. The first three branchial arches are attached 
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anteriorly to the copula, one behind the other, and posteriorly they diverge from each 
other, whereas the fourth branchial arch of each side is not attached to the copula. 

The fifth branchial arch (fig. 18, ba 5) is represented by a thin cartilage which is 
only about 10 microns thick, and is free from the copula and placed posteriorly to 
the fourth branchial arch. 


Stage 5. (Five days after hatching, total length 4-50 mm.) (Figs. 7, 8, 9.) 
The ethmoid plate is thick and slightly wider anteriorly than in the previous stage. 
The floor of the auditory capsule has not much advanced. The basicapsular 
fenestra seen in the previous stage is not to be traced in the present stage. The gap 


Fies. 10, 11.—Transverse sections of the embryo of Ophicephalus gachua Ham, Stage 7. 
(Total length 6-0 mm.) 

Fic. 12.—Dorsal view of the brain and auditory sacs of Ophicephalus gachua Ham, Embryo 
4-0 mm long (model). Stage 2. 

Fria. 13.—Ventral view of the same. 

Fie, 14.—Lateral view of the same. 


behind the posterior basivestibular commisure is closed posteriorly by the occipital 
arch through which the glossopharyngeal and vagus nerves (fig. 9, X) pass. Now 
this large foramen can be called the metotic foramen. 

The visceral skeleton is more developed. The pterygoid process of the upper jaw, 
which has arisen as an independent piece of cartilage, is lengthened and extends as far 
as the anterior end of the quadrate, but there is no connection between the pterygoid 
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process and the quadrate. The hyomandibula is much thickened and the quadrate 
and the symplectic, which have fused with it, run close to each other anteriorly. 
Meckel’s cartilage articulates with the terminal portion of the quadrate. 
The hypoceratohyal (fig. 7, ch) of the second visceral arch does not show any 
division into the hypohyal and ceratohyal elements as yet. ; 
All the five branchial arches are developed in this stage. The first four branchial 
arches are attached to the median copula, whereas the fifth branchial arch arises 
posterior to the copula and extends to only about five sections. | In connection with 
the first, second (fig. 8, cbr 1-2) and third ceratobranchials, the pharyngobranchials 
are developed. The fifth branchial arch is represented by a simple rod—the cerato- 
branchial—extending a little posteriorly to the fourth branchial arch. 


Stage 6. (Six days after hatching, total length 5-0 mm.) 
There is not much difference between this and the previous stage. There is a 
general growth of all the cartilages of the chondrocranium. The pterygoid process. 


extends little posteriorly. It is connected to the sides of the ethmoid plate by 
connective tissue. 


Stage 7. (Ten days after hatching, total length 6-00 mm.) (Figs. 10, 11.) 

The ethmoid plate has grown forwards and is elevated in the middle. The ptery- 
goid process is raised a little anteriorly on either side of the ethmoid plate, to which it 
is attached by connective tissue only. There is a large fenestra—the metotic 
foramen—in the posterior region of the basal plate. The anterior basicapsular 
commissure is very thick, connecting the auditory capsule with the basal plate. 

The occipital arch is bent more upwards. 

In the visceral arch skeleton the copula extends anteriorly as an epiphysis in 
front of the basihyal. The ceratohyal shows a small stylohyal (fig. 10, sh) or 
interhyal dorsally and posteriorly. The stylohyal connects the ceratohyal anteriorly 
with the hyomandibula (fig. 11, hm) which has fused posteriorly. The hypohyal 
is still not distinct from the ceratohyal. Certain ossifications are noticed in this stage. 
On the ventral aspect of the first and second pharyngobranchials homodont teeth are 
seen. 


Morphology of the Fully Formed Chondrocranium. 
Stage 8. (Fry, total length 24-00 mm.) (Figs. 19, 20, 21 and 22.) 
The chondrocranium is usually described under the following heads :— 
A. Cranium. 
1. The basal plate and the notochord. 

. The occipital region. 

. The auditory region. 

. The orbito-temporal region. 

. The ethmoid region. 


mo bo 


Or 


B. Visceral arches. 
6. The first visceral arch—the mandibular arch. 
(a) The palatoquadrate. 
(6) Meckel’s cartilage. 
7. The second visceral arch—the hyoid arch. 
8. The branchial arches. 


A. CRANIUM. 

1. The basal plate and the notochord: The basal plate (figs. 19, 20, bp) is massive 
and extends from the foramen magnum (figs. 19, 21, fm) to about one-third the 
length of the chondrocranium anteriorly. It forms the floor of the cranium posteriorly 
and shows a difference in the thickness in different regions, 
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It is connected anteriorly with the otic capsule (figs. 19, 20, 21, ac) by the anterior 
basicapsular commissure (fig. 20, abc), leaving a wide basicapsular fenestra (figs. 19, 
20, 21, bcf). Posterior to the fenestra is a small commissure—the basivestibular 
commissure (fig. 20, bvc)—forming the posterior boundary for the basicapsular 
fenestra. Behind the commissure referred to above is another wide fenestra—the 
metotic foramen (fme), delimited posteriorly by the occipital arch (figs. 19, 20, 21, oa). 
It is seen that the glossopharyngeal and the vagus nerves pass through the metotic 
foramen. There is thus no separate foramen in the floor of the otic capsule for the 
glossophyaryngeal nerve to gain exit as in Salmo (de Beer, 1937). 

The notochord (figs. 19, 20, n) has considerably attenuated, and in the anterior 
end it is distinctly ventral to the basal plate; posteriorly, however, it extends 
upwards and becomes median to the basal plate and the occipital arches. There is 
no basicranial fenestra, as in Salmo (de Beer, 1937), into which the notochord 


Fic. 15.—Ventral view of the chondrocranium of Ophicephal 1 
phicephalus gachua Ham. Embryo 4:0 mm. 
long (model). Stage 4. The hyobranchial arches are not shown. : ip 
Fie. 16.—Dorsal view of the same. The hyobranchial arches are shown. 


projects. In Ophicephalus the notochord, in transverse section, is wedge-shaped 
anteriorly and becomes circular posteriorly. It is wider in diameter in the region of 
the occipital arch. " 

2. The occipital region.—The occipital arch is seen behind the otic capsules and 
consists of only one pair of elements which are separated by the notochord. The sides 
of the occipital arch are continuous anteriorly with the medial roof of the otic capsule 
on either side of the foramen magnum. ‘There is no roofing cartilage connecting 
the two occipital elements—in other words a tectum posterius is absent. This is 
commonly the condition in a large number of fishes, as, for example, Lepidosteus 
(Veit, 1911), Hxocoetus (Lasdin, 1913), Clupea (Wells, 1922), Anguilla (Norman, 1926) 
hee (de Beer, See a Hele (Ramaswami, 1945). However, a tectum 
posterius is seen in fishes like Amia (Allis, 1897 } i 
Tigress | KHASAMTGS ( ), Amiurus (Kindred, 1919) and 

Generally in the posterior region of the basal plate foramina for the h 


: : it 
nerves are seen in Amia (Allis, 1897), Lepidosteus (Veit, 1911) ee 


and Acipenser 
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(Swertzoff, 1928). In Ophicephalus, however, I have not been able to find the 
foramen either in this stage or in the previous stages. 

3. The auditory region: The auditory sacs are now completely enclosed in 
cartilage, and the latter is also continued as the roof—the tectum synoticum 
(figs. 19, 21, tsy)—over the hind part of the brain. From the posterior mesial border 
of the tectum there is a conical piece of cartilage (fig. 21, ptsy) projecting over the 
foramen magnum (fm). The roofing cartilage is not complete anteriorly. The 
external surface of each auditory capsule shows prominences for accommodating 
the anterior (figs. 19, 20, 21, pasc), lateral (plsc) and posterior (ppsc) semicircular 
canals. There is no median wall separating the brain cavity from the cavity of 
the membranous labyrinth as.in other teleosts like Salmo (de Beer, 1937) and 
Gambusia (Ramaswami, 1945). Below the bulge of the lateral semicircular canal 


the hyosymplectic (fig. 21, hs) articulates in a socket (figs. 20, 21, hyf) with the 
auditory capsule. 


¥ 1c. 17.—Lateral view of the chondrocranium of Ophicephalus gachua Ham. Embryo 4:0 mm. 
long (model). Stage 4. The hyobranchial arches are not shown. 
Fic. 18.—Ventral view of hyobranchial arches of the same. 


Internally in the auditory capsule there are only two septae separating the 
lateral and posterior semicircular canals from the brain cavity. The lateral—the 
septum semicircularis lateralis—is a stout pillar and complete, but the posterior— 
the septum semicircularis posterius—is incomplete and thin. : There is no septum 
separating the anterior semicircular canal from the brain cavity. | ' 

4. The orbito-temporal region: The trabeculae, which were noticed in earlier 
stages as two separate rods posteriorly joining the anterolateral corners of the basal 
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late, are now disorganized and are represented by only the trabecula communis 
ioe iG), PADS al. on with the ethmoid plate (ep) anteriorly. The remnants of oe 
trabeculae and the hypophysial fenestra could still be observed at the posterior en 
of the trabecula communis. Arising from the posterolateral edge of the ee 
orbitonasalis (Jon) there is a small piece of cartilage representing the anterior one ©) 
the orbital cartilage (taenia marginalis) (figs. 19, 21, orc). It extends generally as 
a continuous rod between the anterior end of the auditory caspule and the lamina- 
orbitonasalis as in other teleosts, e.g. Hxocoetus (Lasdin, 1913), Hsox (Matveiev, 
1929), Salmo (de Beer, 1937) and Gambusia (Ramaswami, 1945). In OR 
only the posterior part of this cartilage is present, extending from the so Gee 
end of the auditory capsule to the middle region of the chondrocranium, where i 
joins a transverse bar, the epiphysial bar. The latter is a slender bar extending 
between the orbital cartilages, in the epiphysial region. The orbital cartilages extend 
slightly in front of the epiphysial bar (figs. 19, 20, 21, epb) on either side. The 


0.5 mm. 


Fie. 19.—Dorsal aspect of the chondrocranium of Ophicephalus gachua Ham. Embryo 24 mm. 
long (fully formed chondrocranium) (model). Meckel’s cartilage and hyobranchial 
apparatus are not shown. 


epiphysial bar sends off posteriorly a median piece of cartilage—the taenia tecti 
medialis (itm). The taenia tecti medialis is probably a backward growth from the 
epiphysial bar, as it does not join the roof of the auditory capsule completely as in 
Sebastes (Mackintosh, 1923). 

The trigeminofacialis chamber (figs. 19, 20, 21, tfc) is found in front of and slightly 
lateral to the anterior basicapsular commissure (fig. 20, abc). In teleosts generally 
the lateral commissure, which forms the anterolateral boundary of the trigemino- 
facialis chamber, is formed by the union of the pro-otic process of the auditory 
capsule and the post-palatine process, given off by the anterolateral end of the 
parachordals, as in Salmo (de Beer, 1937). In Ophicephalus the lateral commissure 
is not completely formed, as the pro-otic (figs. 19, 20, 21, prp) and post-palatine (ppp) 
processes are not united. The pro-otic process is a thick triangular piece of cartilage 
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extending obliquely into the orbito-temporal region, from the anteroventral margin 
of the auditory capsule. The post-palatine process is consideraly thinner and is 
discontinuous, arising in relation with the anterolateral portion of the basal plate. 
The trigeminal ganglion is found in an incisure in the pro-otic process which opens 
into the trigeminofacialis chamber. The ganglion gives off the mandibular and 
maxillary branches which pass into the chamber. The facial ganglion is situated 
slightly posterior to the trigeminal ganglion and nearer to the post-palatine process, 
and is free in the chamber. The palatine branch of the facial nerve has no inde- 
pendent foramen as in Salmo (de Beer, 1937). 

5. The ethmoid region : The ethmoid region is well developed and consists of an 
ethmoid plate (figs. 19, 20, 21, ep) which is narrow anteriorly and broad in the middle 
region. The ethmoid plate is continuous dorsally, with a massive nasal septum 
(mesethmoid cartilage of Norman, 1926) (fig. 21, ns) or ethmoid septum. In front 
of the middle region of the nasal septum, and dorsal to it, is an oval piece of cartilage, 
the rostral cartilage (figs. 19, 20, 21, rc), which is pointed anteriorly and broad 
posteriorly. The rostral cartilage is independent and not connected to any portion 
of the ethmoid region as in Sebastes (Mackintosh, 1923). It is absent in the earlier 
stages of Ophicephalus studied by me. 

The nasal capsule lies on either side of the nasal septum and is not completely 
surrounded by cartilaginous skeleton. The posterolateral edge of the ethmoid 
plate on each side gives off anteriorly a thin piece of cartilage which forms the 
outer border for the nasal capsule (figs. 19, 20, 21, sw), while from the posterior 
border arises a thin, narrow, cartilaginous pillar running upward to join the posterior 
and dorsal surface of the nasal septum. These laminae orbitonasales (/on) or planum 
antorbitale, which are not seen in earlier stages studied, arise as up-growths from 
the dorsal surface of the ethmoid plate and are continuous with it. The laminae 
are united mesially, forming the posterior boundary of the nasal capsules. 

From the point where the lamina orbitonasalis joins the nasal septum there 
extends a small piece of cartilage posteriorly into the orbital region. This piece of 
cartilage on each side represents the remnants of the orbital cartilage (figs. 19, 21, 
orc) referred to above in the orbito-temporal region. 

The olfactory nerve passes through a foramen—the foramen olfactorium 
advehens (fig. 21, aof), bordered laterally by the lamina orbitonasalis and mesially 
by the nasal septum. The anterior opening of the foramen olfactorium advehens 
may be regarded as the foramen olfactorium evehens, for the two are confluent. 
The ophthalmic branch of the trigeminal nerve passes laterally in a groove on the 
dorsal surface of the lamina orbitonasalis. 

There are no rostropalatine or ethmopalatine processes in the lamina orbitonasalis 
to give articulation to the pterygoid process of the quadrate. 


B. Tue VisckraL ARCHES. 
The demarcations between the different elements of mandibular, hyoid and 
branchial arches are now clearly defined. 


6. The first visceral arch : The first visceral arch, which divides into an upper 
pterygoquadrate and a lower Meckel’s cartilage in the very early stage of the 
development of the chondrocranium, is now fully formed. 

(a) The pterygoquadrate : The pterygoid process (figs. 19, 20, 21, ptp), chondri- 
fied independently of the remaining portions of the arch in the early stages described, 
is now completely formed. The pterygoid process is in the form of a simple rod, 
narrow anteriorly and a little broad posteriorly. It is discontinuous from the 
posteriorly lying quadrate (fig. 21, qu), which is, however, still united with the 
hyomandibular cartilage. This is a peculiar feature, also noticed in a few other 
forms such as Amiwrus (Kindred, 1919) and Clupea (Wells, 1922). In another 
series of sections of a slightly earlier stage I notice that the pterygoid process is in 
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ntinuous rod with the quadrate posteriorly, but very much ee 
ca ae edas region. Obviously the bar becomes discontinuous in stages later 
ne described. eds 
nate pie process is also free of attachments anteriorly, ending e pie. he 
the nasal septum. The rod is obliquely disposed anteriorly. It is connecte a : 
region of the lamina orbitonasalis by means of connective tissue. There aoa c 
rostropalatine nor an ethmopalatine process of the pterygoid process for pee ay 
with the ethmoid plate as in other See teaeet Clupea (Wells, 1922), Salmo 
le Beer, 1937) and Gambusia (Ramaswami, 5))\ 
The body se the quadrate . fused with the hyomandibula even from ee 
stages in the development of the chondrocranium, and ventrally gives ae a on 
to the articular process of Meckel’s cartilage. The quadrate is broad at t e poin 
of fusion with the hyomandibula (fig. 21, hm) and narrows anteriorly where it is 
continuous with the pterygoid process. 


pase 


Fie. 20.—Ventral aspect of the chondrocranium of Ophicephalus gachua Ham. Embryo 24 mm. 


long (fully formed chondrocranium) (model). Meckel’s cartilage and hyobranchial 
apparatus are not shown. 


(6) Meckel’s cartilage: Meckel’s cartilage (fig. 21, mc) presents no special . 
feature. It possesses a process at the posterior end where it articulates with the 
quadrate fused with the hyomandibula. This articular process (a7) extends posteriorly 
behind the quadrate as a retroarticular process (7a). Membrane bone ossifications 
of the lower jaw around Meckel’s cartilage are noticeable. 

7. The second visceral, or hyoid, arch: The hyoid cornu: the basihyal (fig. 22, 
bh) is in continuation with the copula, which is formed by the fusion of the 
basibranchials of the branchial arches. The basihyal is on the ventral side of 
the trabecula communis and extends as far as the anterior end of the ethmoid plate 
as an epiphysis.. The two short, stout hypohyals (hh) abut against the posterior 
region of the basihyal. The hypohyal is perforated by a foramen for the passage 
of the hyoidean artery. The ceratohyals (ch) are in continuation with the hypohyals 
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Ee 2 ee eects from the phe rae ceratohyal on each side extends ventrally 
| lor region of the basal plate and is connected with th tral 
ae oe Le) ee a e interhyal (sh) or stylohyal. The eerie 
> closely attached with the hyos lecti it 
ee, coe of it is separated from the as er isd oleate) Gabcupeas 
e hyomandibular cartilage (fig. 21 hm) is a large i 
| i = Ale s , vertical and plate-lik 

ee mending posteriorly parallel with the Se capsule in ‘ie Cone of : 

out rod. It is perforated by a large foramen for the exit of the hyomandibular 


o.5 mm. 


Fig. 21.—Lateral aspect of the chondrocranium of Ophicephalus gachua Ham. Embryo 24 mm. 
long (fully formed chondrocranium). The corresponding right half of the chondro- 
cranium and branchial arches are omitted. 

Fic. 22.—Ventral view of the hyobranchial skeleton of the same. 


branch of facial nerve. The dorsal edge abuts against the lower surface of the 
auditory capsule from opposite the front end of the latter, to the level of the 
commencement of the basicapsular fenestra. The hyomandibula ventrally has fused 
with the quadrate as already stated and, ventral to the latter, it extends as the 
symplectic cartilage (hs). The symplectic is also seen from the early stages fused 
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with the hyomandibula. As has already been remarked under the quadrate, the 
fusion of the quadrate and hyosymplectic is a peculiar feature noticed in a few 
teleostean genera. 

8. The branchial arches: There are five pairs of branchial arches situated one 
behind the other, posterior to the ceratohyal and ventroposteriorly to the basal 
plate, extending up to the region of the occipital arch. 

The basibranchials of all the arches are fused medially to form the copula 
communis (fig. 22, ccom), which has the form of a continuous rod showing con- 
strictions in its course. It is considerably swollen in the region where the second 
pair of branchial arches is attached. The copula is very much thinned out between 
the second and third pairs of branchial arches. 

The first four pairs of branchial arches are found at regular intervals in connection 
with the copula ; but the fifth pair of branchial arches is posterior to the tip of the 
copula and is free from it. 

The first four pairs of branchial arches consist of hypo- (fig. 22, hb 1-3), cerato- 
(cb 1-4), epi- (eb 1-4) and pharyngobranchials ; but the different elements of each 
arch are not distinct externally. The pharyngobranchials of the first arch are not 
distinct from the arch, but the pharyngobranchials of the second arch (phb 2) are 
situated dorsally and posterior to the respective epibranchs. The united pharyngo- 
branchials of the third and fourth (phb 3-4) arches are situated posterior to the 
second. 

The fifth arch is formed by a pair of short ceratobranchials which are poorly 
developed. There are no hypobranchials noticeable in this arch (fig. 22, cb 5). 

In connection with the second pair of branchial arches there is a pair of short. 
cartilaginous rods extending ventrally to the copula. These rods (fig. 22, suc) 
extend to about twenty sections (about 200 microns) and are unconnected with the 
branchial cartilages. These cartilages were not seen in the earlier stages of 
Ophicephalus studied. At present I am unable to trace the homology of these- 
independent subcopular elements. 


IV. Discussion. 

In describing the development of Salmo, de Beer (1931) observed that a transverse- 
commissure connected the two premandibular somites. He further noted that 
mesenchymatous plaque which was in contact with the epidermis was continuous. 
with the mesenchyme of the mandibular arch. In Ophicephalus I found similar 
mesenchyme plaques in contact with the epidermis, but there was no transverse- 
commissure connecting the two premandibular somites in the first stage in the 
development of the chondrocranium. The trabeculae are proliferated inwards, 
upwards and backwards from the inner side of each of the plaques at the level of 
the hypophysis. 

The time of appearance of trabeculae with reference to the parachordals varies. 
greatly in different members of the teleosts. In Sebastes (Mackintosh, 1923), when. 
there is no trace of the parachordals, the trabeculae are already laid down as definite 
tracts of procartilage. In Salmo (de Beer, 1937) the parachordals appear earlier: 
than the trabeculae. Among other fishes, e.g. Lepidosiren and Protopterus (Agar, 
1906), the trabeculae appear before the parachordals. In Selachians (Goodrich,, 
1918 ; van Wijhe, 1922), Acipenser (Sewertzoff, 1928) and Polypterus (Moy-Thomas, 
1933) the trabeculae appear after the parachordals. But in the case of Ophicephalus 
the two elements appear to develop almost simultaneously, and in the 4-00 mm. 
stage the trabeculae and parachordals are seen well developed but separate. 

Usually in teleosts the trabeculae directly unite with the anterior ends of the 
parachordals ; but in certain other fishes a pair of polar cartilages appears between 
the trabeculae and parachordals, which are later connected by this intermediate 
ceartilaye. _In Amia (Pehrson, 1922), Lepidosteus (Veit, 1911) and Acipenser 
(Sewertzoff, 1928) the polar cartilages appear as independent cartilages between the 
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trabeculae and parachordals. In Ophicephalus the polar cartilages are not developed, 
but the trabeculae extend posteriorly to unite with the anterior ends of the 
parachordals. In this respect it conforms with other teleostean fishes, e.g. 
Gymnarchus (Assheton, 1907), Gasterosteus (Swinnerton, 1902), Exocoetus (Lasdin, 
1913), Anguilla (Norman, 1926), Amiwrus (Kindred, 1919) and Salmo (de Beer, 1937). 
The polar cartilages are also seen in a number of higher vertebrates (birds and 
mammals) but they are not found in Amphibia. 

The position of the trabeculae in relation to parachordals, as described by 
Sewertzoff (1899), is of two types, the vertical and the horizontal types. In many 
fishes the latter type of trabeculae is in line with the parachordals and develops 
in the same plane. But in the former type the trabeculae are at right angles to the 
parachordals or may be placed in a lower plane ; the position of the two elements 
is influenced by the mesocephalic flexure of the embryonic head. In Ophicephalus, 
where a marked flexure of the cranium is noticed, the trabeculae are placed in a 
lower plane than the parachordals as in the case of Sebastes (Mackintosh, 1923). 

In many teleosts the trabeculae are joined to the parachordals, leaving a hypo- 
physial fenestra, and in the anterior region the greater part of the two trabeculae 
fuses medially in front of the fenestra, forming the trabecula communis. Such a type 
of cranial floor is recognized as tropitrabic type, as seen in Sebastes (Mackintosh, 1923), 
Anguilla (Norman, 1926), Salmo (de Beer, 1937) and others. In the case of Anguilla 
(Norman, 1926) the hypophysial fenestra is very much reduced and it is almost in the 
form of a small circular aperture; the trabeculae have fused to a greater 
length medially. But in Gymnarchus (Assheton, 1907) and Amiurus (Kindred, 1919), 
with a platytrabic type of chondrocranium, the trabeculae are widely separated 
throughout the orbito-temporal region and are connected anteriorly by only a small 
commissure. In Olwpea (Wells, 1922) the formation of the trabecula communis 
occurs at a late stage in the development of the chondrocranium. In Syngnathus 
(Kindred, 1921) the trabecula communis is very long, the hypophysial fenestra 
being confined to the hinder part of the chondrocranium. 

In many fishes there may be one or more fenestra in the floor of the 
chondrocranium. In the platytrabic cranium there is always a single large basi- 
cranial fenestra into which the notochord projects. In Amia (Pehrson, 1922) and 
Lepidosteus (Veit, 1911) an anterior and a posterior region can be made out in the 
fenestra as in Gasterosteus (Swinnerton, 1902) and Salmo (de Beer, 1937). In a 
tropitrabic cranium the trabecula communis always divides in the region of the hypo- 
physis, leaving a wide fenestra into which the notochord projects. An extreme case 
of complete division of the original fenestra into a carotid foramen. and a hypophysial 
fenestra is seen in Anguilla (Norman, 1926) and in Gymnarchus (Assheton, 1907), 
where a narrow strip of cartilage separates the internal carotid foramen from the 
hypophysial fenestra. But in the case of Ophicephalus the hypophysial fenestra 
remains triangular in shape till the chondrocranium is completely formed, when 
the trabeculae disorganize, apparently obliterating the fenestra. Thus the ethmoid 
and auditory regions appear to be independent units. 

In a tropitrabic cranium an interorbital septum is usually seen in the form of a 
membrane or sometimes as a partial cartilage as in Sebastes, Zoarces and Blennius 
(Norman, 1926). In Gadus (Goodrich, 1909) the interorbital septum becomes 
completely ossified at a later stage. Veit (1911) described a so-called cartilaginous 
interorbital septum in the adult Lepidosteus. In Ophicephalus there is neither a 
membranous nor a cartilaginous interorbital septum during the development of 
the chondrocranium, and hence it may be said to have the platytrabic type of 
chondrocranium. 

I have already remarked that the ethmoid region is independent of the auditory 
region in the fully formed chondrocranium of Ophicephalus. While this sort of 
discontinuity is observed only in the 24 mm. stage, it is continuous in the 6 mm. stage 
and earlier stages. In Gambusia (Ramaswami, 1945) the trabeculae become dis- 
continuous with the parachordals from the 5mm, stage onwards. In LHxocoetus 
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(Lasdin, 1913), also, they become discontinuous at about the same stage. In other 
teleosteans the discontinuity occurs in later stages as in Salmo salar (33 mm.), Gadus 
(1l1mm., de Beer, 1937), Clupea (20mm., Wells, 1922) aud Sebastes (22 mm., 
Mackintosh, 1923). Though there is discontinuity of the trabeculae in the fully- 
formed chondrocranium, the remnants of the trabeculae are seen in its middle region. 
In Ophicephalus, however, at the posterior end of the ethmoid plate, is seen a notch 
which separates the two arms of the trabeculae. The notch represents the obliterated. 
hypophysial fenestra and the arms the reduced trabeculae. In Gasterostews (Swinner- 
ton, 1902) the discontinuity of trabecula communis and parachordals occurs at a 
late stage (25 mm. stage). 

The ethmoid plate develops in all teleosts through the direct fusion of the anterior 
ends of the trabeculae. In Amia (Pehrson, 1922) and Lepidosteus (Veit, 1911) the 
trabeculae are first.connected anteriorly by a transverse bar, the trabecular commis- 
sure, which later expands to form the ethmoid plate. This stage appears to be only 
transitory. In Ophicephalus the trabeculae are directly united in the middle line to 
form the trabecula communis, which forms the ethmoid plate, the shape of which 
varies greatly in teleosts. Whereas it is broad and trough-like in Olupea (Wells, 1922), 
it is a narrow and elongated rod in Syngnathus (Kindred, 1921). It is provided with a 
pre-ethmoid cornua in Gasterosteus (Swinnerton, 1920). The anterior portion of the 
ethmoid plate in Hippocampus (Ryder, 1881) and Syngnathus (Kindred, 1921) is. 
bent upwards at right angles to the general line of the trabeculae. 

A curious modification of the ethmoid plate occurs in the early development of 
Syngnathus (Norman, 1926): in the 8mm. stage the anterior half of the plate is 
straightened. In Ophicephalus in the 4 mm. stage the ethmoid plate shows anteriorly 
a slightly arched appearance, but in the 6mm. stage the middle region becomes. 
more arched and is considerably raised above than either end. 

The laminae orbitonasales (ectethmoid of Norman, 1926) in all teleosts arise as. 
lateral outgrowths from the middle region of the ethmoid plate. But in Syngnathus 
(Kindred, 1921) the laminae orbitonasales, which are situated on either side of the 
hinder part of the ethmoid plate, are not attached to the ethmoid plate. In Ophice- 
phalus the lamina orbitonasalis arises, as in other teleosts, from the middle region of the 
ethmoid plate and is a very thin piece of cartilage. 

Generally in all teleosts, e.g. Salmo (de Beer, 1937), Gasterosteus (Swinnerton, 
1902), Hxocoetus (Lasdin, 1913), Gambusia (Ramaswami, 1935) and others, the nasal 
sac has neither a roof nor a side wall, except in the case of Polypterus (Moy-Thomas, 
1933) and Acipenser (de Beer, 1925), where the external nasal apertures are situated 
laterally, and the floor of the nasal sac is formed by the ethmoid plate, the hind wall 
by the lamina orbitonasalis, medial wall by the pre-optic root of the orbital cartilage 
behind and the nasal septum in front. The foramen olfactorium evehens is situated in 
between the nasal septum and the lamina orbitonasalis. The roof and the side wall 
are formed by cartilaginous extensions from the orbital cartilage and the nasal septum. 
But in Ophicephalus I found a thin piece of cartilage extending from the middle region 
of the ethmoid plate, forming a sort of side wall for the posterior region of the nasal 
sac. 

A sphenoseptal commissure is seen in many teleosts, as in Gasterosteus ( Swinnerton, 
1902), Syngnathus (Kindred, 1921), Salmo (de Beer, 1937) and Gambusia (Ramaswami, 
1945), connecting dorsally the lamina orbitonasalis and the orbital cartilage. In 
Ophicephalus the sphenoseptal commissure is absent, the laminae orbitonasales join 
dorsally the nasal septum, and the lamina orbitonasalis of each side forms the roof of 
the foramen olfactorium advehens. 

The orbital cartilages, which form the lateral walls of the orbito-temporal region in 
many teleosts such as Clupea (Wells, 1922), Anguilla (Norman, 1926), Salmo (de Beer 
1937) and others, are in the form of rods extending between the ethmoid region and 
the anterior face of the auditory capsule. In Ophicephalus the orbital cartilage is 
incomplete as in Sebastes (Mackintosh, 1923) and Gasterosteus (‘Swinnerton, 1902). 
In Syngnathus (Kindred, 1921) the incompleteness of the orbital cartilages is such 
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that they are practically non-existent. The anterior and posterior ends of these 
cartilages are represented by only short processes projecting from the laminae 
orbitonasales and auditory capsules respectively. In Ophicephalus the anterior 
end of the orbital cartilage is seen as an extremely small process from the posterior 
end of the lamina orbitonasalis. 

The two orbital cartilages, where they are interconnected by means of the 
epiphysial bar forming a sort of roof in the orbital region, is a pretty stout bar 
in the case of Salmo (de Beer, 1937), seen even from the 14 mm. stage onwards. 
This tectum grows forwards in Salmo (de Beer, 1937), gradually restricting the 
epiphysial fenestra till it fuses with the sphenoseptal commissure. In Ophicephalus 
the epiphysial bar is a slender bar in the middle region of the chondrocranium, 
appearing only in the 24 mm. stage, and it does not extend anteriorly as in Gasterosteus 
(Swinnerton, 1902), Gadus (de Beer, 1937), Sebastes (Mackintosh, 1923), Clupea 
(Wells, 1922), Exocoetus (Lasdin, 1913) and Gambusia (Ramaswami, 1945). The 
orbital cartilages in Lepidosteus (Veit, 1907), Gymnarchus (Assheton, 1907) and 
Amia (Pehrson, 1922) possess an anterior paraphysial and a posterior epiphysial 
bar. The paraphysial bar is further connected with the nasal septum in the above 
forms. In Ophicephalus, however, a paraphysial bar is absent. 

Arising from the middle region of the epiphysial bar is a process—the taenia 
tecti medialis—which extends backwards up to the occipital region in the case of 
Salmo (de Beer, 1937). In Cyclopterus (Uhlmann, 1921), Clupea (Wells, 1922) 
and Sebastes (Mackintosh, 1923) the taenia tecti medialis extends posteriorly, 
joining the roof of the auditory capsules, thus dividing the posterior dorsal fontanelle 
into two portions. In Ophicephalus the taenia tecti medialis is in the form of a 
small process ending freely posteriorly as in Gambusia (Ramaswami, 1945). But 
in the case of Cyclopterus (Uhlmann, 1921) and Gymnarchus (Assheton, 1907) the 
taenia tecti medialis extends anteriorly, also joining the roof of the nasal cavity. 

The lateral commissure, a plate of cartilage connecting the lateral edge of the 
basal plate with the anterior wall of the auditory capsule, and also forming the 
ventrolateral wall of the trigeminofacialis chamber, is formed by the post-palatine 
and pro-otic processes in Salmo (de Beer, 1937). The trigeminal nerve and the head 
vein pass through the anterior opening of the trigemino-facialis chamber, which 
opens into the orbit, whereas the ramus hyomandibularis facialis passes through 
the posterior opening of the chamber as in Gambusia (Ramaswami, 1945). In 
Ophicephalus the lateral commissure is not complete, the pro-otic process is massive, 
while the slender post-palatine process is an isolated cartilage which does not join 
the pro-otic process. The trigeminal ganglion with the maxillary and mandibular 
branches pass in an incisure in the pro-otic process. The hyomandibular branch 
of the facial nerve passes out posteriorly. 

Externally the auditory capsules show enlargements for anterior, lateral and 
posterior semicircular canals, as in Gambusia (Ramaswami, 1945). Internally 
the auditory capsule shows only two septa—the septum semicircularis laterale, 
which is broad and thick, and the septum semicircularis posterius. In Salmo 
(de Beer, 1937) there are three septa for the three semicircular canals. Tn Ophi- 
cephalus the auditory capsules are united dorsally by the tectum synoticum, as 

‘in Salmo (de Beer, 1937), Anguilla (Norman, 1926) and Gambusia (Ramaswami, 
1945). But in Syngnathus (Kindred, 1921) the tectum synoticum is very slender 
and is confined only to the anterior region of the auditory capsules. In Amiurus 
(Kindred, 1919) the tectum synoticum, which lies only posteriorly, is in continuation 
with the tectum posterius of the occipital arches. 

In Salmo (de Beer, 1937), Anguilla (Norman, 1926), Exocoetus (Lasdin, 1913) 
and Oyclopterus (Uhlmann, 1921) the parachordals are interconnected in front of 
the notochord by means of the pro-otic bridge. In Salmo (de Beer, 1937) the 
notochord, after the development of the pro-otic bridge, extends into the basicranial 
fenestra. In Ophicephalus the pro-otic bridge is not developed and the notochord 
does not extend anteriorly. 
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Generally in Teleostei the auditory capsules are united with the parachordals 
by anterior and posterior basicapsular fenestra in the middle, as in Amiurus 
(Kindred, 1919), Anguilla (Norman, 1926) and Salmo (de Beer, 1937). In all the 
above cases the glossopharyngeal nerve is separated from the vagus nerve, which 
passes into the jugular foramen or fissura metotica, separated ry: the posterior 
basicapsular commissure. There may be sometimes a single basicapsular fenestra 
divided by a strut of cartilage into two fenestrae as in Salmo (de Beer, 1937). In 
Clupea (Wells, 1922) the fissura metotica, through which both the glossopharyngeal 
and vagus nerves emerge, is curiously modified. The fissure is in the form of a 
tunnel enclosed on the medial side by the occipital arch and laterally by the medial 
wall of the posterior extension of the auditory capsule. In Ophicephalus, however, 
an anterior basicapsular fenestra, which is found in stage 4, disappears in 
stages 5, 6 and 7 and again appears in the final stage that I have described here. 
I am unable to explain this reappearance of the fenestra at present, although it 
seems likely that the cartilage is reabsorbed. Until a regular series is collected 
from nature and studied it may not be possible to settle this point. In the 24 mm. 
stage there is a large basicapsular fenestra which is bordered in front by the anterior 
basicapsular commissure and behind by the basivestibular commissure. The 
glossopharyngeal and vagus nerves pass in a large fenestra—the metotic foramen, 
situated in front of the occipital arch. There is no separate orifice for the 
glossopharyngeal nerve as in Salmo (de Beer, 1937). The basivestibular commissure 
lying between the basicapsular fenestra and metotic foramen is noticed in Clupea 
(Wells, 1922), Gasterosteus (Swinnerton, 1902) and Gambusia (Ramaswami, 1945). 
In Anguilla (Norman, 1926) a posterior basicapsular commissure lies behind the 
exit of the glossopharyngeal nerve and arises only at a late stage in the development. 
The foramen for the glossopharyngeal nerve has been shown in Anguilla (Norman, 
1926) to represent the remains of the large basicapsular fenestra as in Amiwrus 
(Kindred, 1919). 

The occipital arches arise posteriorly to and in continuation with the parachordals. 
In Salmo (de Beer, 1937) the rudiments of the occipital arches arise as early as the 
9-3 mm. stage even before the trabeculae have developed. There is only one pair 
of them to be seen. The roofing cartilage—the tectum posterius—is not developed. 
Similarly in Ophicephalus the rudiments of the occipital arches are noticed in the 
4mm. stage described, and in later stages form the posterior border for the metotic 
foramen. There is no tectum posterius as in other teleosts such as Clupea (Wells, 
1922), Syngnathus (Kindred, 1921), Gambusia (Ramaswami, 1945) and others. 

In teleostean fishes a small median, generally independent, piece of cartilage 
is developed above the anterior part of the ethmoid region. This cartilage, which 
is known as the rostral cartilage, is considered to be a premandibular element. 
This cartilage is seen as a median and free piece in Sebastes (Mackintosh, 1923), 
Syngnathus (Kindred, 1921), Solea (Berril, 1925) and Gadus (de Beer, 1937).. In a 
number of cases the rostral cartilage is fused with the anterior end of the ethmoid 
plate and extends as a rostrum in Polypterus (Moy-Thomas, 1933), Gymnarchus 
(Assheton, 1907), Lepidosteus (Veit, 1911) and Anguilla (Norman, 1926). 

In Ophicephalus the rostral cartilage appears only in the 24mm. stage, where 
it is a median piece of cartilage situated dorsal to the nasal septum, as in Sebastes 
(Mackintosh, 1923). But Berril (1925) has shown that the rostral cartilage arises 
as a ‘ paired rudiment’ in Solea and Pleuronectes. 

The upper palatoquadrate and the lower Meckel’s cartilage of the mandibular 
arch arise as independent chondrifications in Gasterosteus (Swinnerton, 1902), 
Lepidosteus (Veit, 1911), Amia (Pehrson, 1922) and Salmo (de Beer, 1937), and the 
pterygoid process of the palatoquadrate portion arises as an anterior outgrowth 
from the quadrate cartilage. But in Clupea (Wells, 1922) and Sebastes (Mackintosh, 
1923) the chondrification of mandibular arch occurs in the form of a single mass 
in which later differentiation of the elements occurs. The pterygoid process 
chondrifies independently and it grows backwards to meet the quadrate. In this 
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connection it is interesting to note the development of the auditory region of the 
chondrocranium in Clupea (Wells, 1922); in the 5mm. stage Meckel’s cartilage 
quadrate and the hyomandibula, having fused with the auditory capsule, arise as a 
single mass. Wells (1922) described no demarcation into the various elements at 
this stage of Clupea. But Norman (1926) differed from Wells (1922), and noted that 
he could clearly make out a suture between Meckel’s cartilage portion and quadrate 
portion. The pterygoid process in Clupea (Wells, 1922) makes its appearance as 
a narrow rod lying below the lamina orbitonasalis and attached to it by connective 
tissue in the 10 mm. stage. In the 20 mm. stage the pterygoid process articulates 
with the ethmoid plate and has grown posteriorly in the direction of the quadrate, 
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Fic. 23.—Comparative diagrammatic figures of the mandibular and hyoid arches. 

Fic. 23a, b—Ophicephalus; 23 c, d.—Clupea (after Wells, 1922); 23 e.—Salmo ; 23 f-- 
Gasterosteus ; 23g.—Amia; 23h.—Syngnathus. (Figs. 23 e-h are from Norman, 
1926.) 


and in the 30 mm. stage the pterygoid process has fused with the quadrate. At 
this stage the pterygoid process articulates with the rostral portion of the rostro- 
palatine process. The articulation of Meckel’s cartilage appears only in the 26 mm. 
stage. In Salmo (de Beer, 1937) the pterygoid process, which arises as an extension 
of the quadrate anteriorly, has a double articulation with the ethmoid plate by means 
of the ethmopalatine and rostropalatine processes. 

But in the development of Ophicephalus the quadrate, which has fused with the 
hyomandibula, arises as a single mass in the 4 mm. stage (stage 3), in which stage 
the hyomandibula is also fused with the auditory capsule in the middle region. 
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The symplectic, which is also fused ventrally to the quadrate, arises only in stage 4, 
and the pterygoid process is developed as an independent chondrification on either 
side of the ethmoid plate. In the next two stages (5 and 6) the pterygoid process 
extends little posteriorly, and in the 6 mm. stage (stage 7) it fuses posteriorly with 
the quadrate. Meckel’s cartilage is seen united anteriorly from stage 3, and 
articulates posteriorly with the quadrate, but the articulation of Meckel’s cartilage 
in Clupea (Wells, 1922) occurs late in development. The pterygoid process in 
Ophicephalus again becomes discontinuous in the 24 mm. stage (fully formed 
chondrocranium). Probably this sort of discontinuity occurs only in the late 
period of the development of the chondrocranium, because in another embryo of 
slightly earlier stage I have noticed the pterygoid process as being continuous with 
the quadrate. The fusion of the quadrate with the hyomandibula and its persistence 
till very late stages and the independent chondrification of the pterygoid process 
are noticed only in Clupea (Wells, 1922) and Ophicephalus among teleosts. 

It is very difficult at the present stage of my studies to come to any conclusion 
as to why the quadrate, which is a portion of the mandibular arch, should fuse 
with the hyomandibula, which is a portion of the hyoid arch. The hyomandibula, 
which is in the form of a thin plate, though in early stages fused with the auditory 
capsule, becomes separated and articulates with it in later stages in Ophacephalus 
as in Olupea (Wells, 1922). In teleosts like Salmo (de Beer, 1937) and Anguilla 
(Norman, 1926) the hyomandibula appears articulating with the auditory capsule 
even from the early stages. 

In this connection I have drawn comparative diagrams of one or two develop- 
mental stages of the mandibular and hyoid arches of Gasterostews (Swinnerton, 
1902 ; fig. 23 f), Ama (Pehrson, 1922 ; fig. 23 g), Clupea (Wells, 1922 ; fig. 23, d), 
Salmo (de Beer, 1937; fig. 23 e), Syngnathus (Kindred, 1921; fig. 23h) and 
Ophicephalus (fig. 23 a, b) in order to show the disposition and, in some, fusion of 
the quadrate and the hyomandibula and the position of the different elements of 
the first two arches. 

Generally in teleosts the different elements of the hyoid arch chondrify 
independently, and the symplectic always develops in connection with the 
hyomandibula as in Gasterosteus (Swinnerton, 1902), Anguilla (Norman, 1926), 
Salmo (de Beer, 1937) and others. In Syngnathus (Kindred, 1924) the gape of the 
mouth is small and the symplectic is very much elongated. In Clupea (Wells, 1922) 
and in Anguilla (Norman, 1926) the symplectic is reduced. In Ophicephalus the 
gape is very large and the symplectic is also very much reduced. 

In Salmo (de Beer, 1937) the hypohyals develop late in the 10-5 mm. stage as 
an independent piece of cartilage at the base of the ceratohyals, which are already 
developed. The symplectic, which chondrifies independently, soon becomes fused 
with the hyomandibula. The basihyals also develop late and are not seen fused 
with the basibranchials, which form the copula. In Acipenser (Sewertzoff, 1928) 
the symplectic arises separately and continues to be separate even in the adult. 
In Sebastes (Mackintosh, 1923) it is remarkable that the visceral arch skeleton 
developes precociously and the hypohyal is not developed at all. In Ophicephalus, 
however, in the hyoid arch the symplectic is seen fused with the hyomandibula 
ventrally to the quadrate in the 4:0 mm. stage, and the division into the hypohyal 
is noticed only in the 24mm. stage. The basihyal is continuous with the fused 
basibranchials, forming the copula communis, as in Sebastes (Mackintosh, 1923). 
The interhyal element arises as an independent chondrification in the case of Amia 
(Pehrson, 1922), Lepidosteus (Veit, 1911). In Salmo (de Beer, 1937) it is segmented 
off from the ceratohyal. In Ophicephalus the interhyal, which appears in the 
6mm. stage, is fused with the hyomandibula and is only connected with the upper 
portion of the ceratohyal. ‘ 

In the 24 mm. stage of Ophicephalus, when the differentiation of the ceratohyal 
and hypohyal occurs, a foramen for the efferent hyoidean artery is seen as in the 
case of Solea and Pleuronectes (Berril, 1925) 
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_ The branchial arches in Ophicephalus develop in the same way as in other teleosts 
like Clupea (Wells, 1922), Salmo (de Beer, 1937) and others. But Ophicephalus 
shows a continuous copula communis which is formed by the fusion of the 
basibranchials and basihyal. “The fragmentation of copula into copulae 1 and 2 
noticed in Salmo (de Beer, 1937) and Gambusia (Ramaswami, 1945) is not seen 
in Ophicephalus even in the 24 mm. stage, where the chondrocranium is fully formed. 
The third and fourth pharyngobranchials, which are placed posteriorly to the second, 
are united as in Solea (Berril, 1925) 


V. SUMMARY. 


1. Hight stages in the development of skull elements, commencing from the first 
day to twenty-five days after hatching, have been studied. 

2. The mesenchymatous plate in contact with the ectoderm on either side of 
hypophysis is seen in stage 1 (2-75 mm.). 

3. The trabeculae and parachordals arise independently in stage 2 (4-0 mm.). 

4. The trabeculae are joined to the parachordals, leaving a wide hypophysial 
fenestra in stage 3 (4:0 mm.). The visceral arches chondrify and the first two 
branchial arches appear in this stage. The basibranchials have fused to form a 
copula communis. 


5. In stage 4 (4:5 mm.) the rudiments of the occipital arches are noticed. A 
basicapsular fenestra is seen. The pterygoid process is noticed as an independent 
chondrification as in Clupea, and the quadrate is fused with the hyomandibula, as 
also in Clupea. All the five branchial arches have developed in Ophicephalus. 
The fifth branchial arch extends to a few sections. 

6. In stage 5 (5-0 mm.) the pharyngobranchials have developed in connection 
with the first three branchial arches. The metotic foramen is delimited by the fusion 
- of the occipital arch with the auditory capsule posteriorly. Meckel’s cartilages have 
fused anteriorly at the symphysis. 


7. In stage 6 (5-0 mm.) the pterygoid process is connected with the ethmoid 
plate by connective tissue. 


8. In stage 7 (6-0 mm.) the pterygoid process extends posteriorly and is fused 
with the quadrate. An interhyal fused with the hyomandibula is noticed to be 
in contact with the ceratohyal. 


9. In the fully formed chondrocranium, stage 8 (24-0 mm.), the rostral cartilage 
is developed and is not fused with any part of the ethmoid plate. The lamina 
orbitonasalis develops on each side of the middle region of the ethmoid plate. 
There is a small process directed posteriorly at the point where the lamina orbito- 
nasalis has fused with the nasal septum, representing the anterior portion of orbital 
cartilage. The ophthalmic branch of the trigeminal nerve passes in a groove dorsal 
to the lamina orbitonasalis. The trabeculae disorganize and are represented as a 
small extension posterior to the trabecula communis. The hypophysial fenestra is 
obliterated. The two orbital cartilages are united in the middle region of the 
-chondrocranium by an epiphysial bar. A small taenia tecti medialis extends 
posteriorly from the middle region of the epiphysial bar. ‘The trigemino-facialis 
chamber has no complete lateral commissure. The basicapsular fenestra and the 
metotic foramen are separated by the basivestibular commissure. The two auditory 
- capsules are joined by a tectum synoticum. ‘There is no tectum posterius. There 
are three prominences externally on the auditory capsules for the. accommodation 
of the three semicircular canals. The hyomandibular branch of facial nerve passes 
in a foramen in the hyomandibula. The quadrate is fused with the hyomandibula. 
The hyomandibula is connected with the ceratohyal by a stylohyal. The pterygoid 
process is discontinuous with the quadrate. Meckel’s cartilage articulates with the 
quadrate and there is a retroarticular process of Meckel’s cartilage. 
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In the branchial arches the basihyal is continuous with the copula communis. 
‘The ceratohyal shows a stout hypohyal in close contact with the basihyal. There 
is a foramen in the hypohyal for the hyoidean artery, recorded only in Solea. The 
first four branchial arches show differentiation into the hypo-, the cerato-, the epi- 
and the pharyngobranchials. The fifth branchial arch is small and consists of a 
single element—the ceratobranchial. The pharyngobranchials of the third and 


fourth arches are fused. 

10. There are two small rods in connection with the second branchial arch 
ventrally on either side of the copula communis. I have called these the sub- 
copular rods. The homology of these rods is not clear. 

11. In the chondrocranium the ethmoid region is completely separated from the 
auditory region by the discontinuity of trabeculae, the orbital cartilages and the 


pterygoid processes. 
12. The chondrocranium is platytrabic, as no interorbital septum is noticed. 
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Fria. 1.—Photomicrograph of longitudinal section of the embryo of Ophicephalus gachua Ham. 


Stage 1. (Total length 2-75 mm.) — x 200. 
Fie. 2.—Photomicrograph of longitudinal section of the embryo of Ophicephalus gachua Ham, 


Stage 2. (Total length 4:0 mm.) x 200, 
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hypophysial fenestra. 

facet for the articulation of the 
hyomandibula. 
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side wall of the posterior region of 
the nasal sac. 

trabecula. 
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trigeminofacialis chamber. 

tectum synoticum. 
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OBSERVATIONS ON THE PREMAXILLARY DENTITION OF SNAKES WITH 
SPECIAL REFERENCE TO THE EGG-TOOTH. By Matcoutm A. Smits, 
A. p’A. Betuatrs and A. E. W. Mizss, British Museum (Natural History), 
University Department of Anatomy, Cambridge, and London Hospital Medical 
College. 
(PratEs 50 and 51, and 3 text-figures.) 


[Read 21 February 1952.] 


INTRODUCTION. 


Most snakes and lizards possess at the time of birth a specialized tooth at the 
front of the upper jaw. This tooth ruptures the embryonic membranes and shell 
in oviparous forms during the process of hatching and is shed soon afterwards 5 iis 
known as the egg-tooth and is morphologically quite distinct from the epidermal 
caruncle which serves a similar purpose in turtles and crocodiles (see de Beer, 1949). 
In the majority of snakes the egg-tooth is the only functional tooth which the 
premaxilla ever carries. 

The phylogenetic and ontogenetic relationships of the egg-tooth and the other 
premaxillary teeth in Squamata have been the subject of speculation. Most 
previous workers have held that the primitive condition in these reptiles was one 
in which separate paired egg-teeth were present (see Woerdeman, 1919, for 
discussion).* It is believed that in the majority of existing Squamata the left egg- 
tooth is entirely suppressed or is only represented during embryonic life by a transient 
rudiment, whereas the corresponding right tooth germ becomes fully developed as 
the definitive egg-tooth. In cases where the left tooth is not represented at all in 
the embryo the definitive egg-tooth develops in the midline ; in other forms the egg- 
tooth moves during ontogeny into a position more or less in the midline as the 
rudimentary left tooth regresses. 

Sluiter (1893), Martin (1901), Woerdeman (1919) and de Beer (1949) found only 
a single median egg-tooth in snake embryos (Vipera berus, V. aspis and Natrix 
natrix). ‘They were unable to identify any tooth germ corresponding to a rudi- 
mentary left egg-tooth. Rése (1894) and Schmiidderich (1913), on the other hand, 
have claimed that in some embryos at least of Vipera berus a left egg-tooth germ is 
present, as in some lizards, and that this usually retrogresses before birth. In one 
very advanced embryo described by Schmiidderich, symmetrical paired egg-teeth 
were present. 


DEVELOPMENT OF THE PREMAXILLARY DENTITION. 


Our own studies provide no evidence for the existence of a rudimentary left 
egg-tooth in snake embryos, but bring to light some interesting developmental 
features of the premaxillary dentition. Embryos of the following snakes, at relevant 
growth stages, have been available: Vipera berus, Natrix natrix (17 and 13 embryos 
respectively, ranging from 4mm. head-length to neonatal specimens of about 
12mm. h.-l.): Natria sipedon, Elaphe quatuorlineata, Homalopsis buccata, Bitis 
gabonica, Agkistrodon mokasen, HLryx conicus, Constrictor constrictor, Python molurus 
(1 embryo each) ; Python reticulatus, Eunectes murinus (2 embryos each). 


* Geckos are unique among lizards studied in possessing paired functional egg-teeth. Sluiter 
(1893) and others have regarded the condition in geckos as a primitive one, believing that the 
right egg-tooth in these lizards corresponds with the single functional egg-tooth of other Squamata. 
The occurrence of a small median tooth-germ between the paired egg-teeth in geckos has been 
cited against this view by Woerdeman (1919). It may be added that Woerdeman believes that 
this median tooth-germ is not strictly homologous with the functional egg-tooth of other Squamata, 


since it belongs to a different tooth generation or odontostichos. 
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Vipera berus. 


A-C. 6:5 mm. head-length embryo. Transverse sections, taken at progressively posterior levels 
through middle of egg-tooth (A) and germs of rudimentary toothlets (B, C). Approximate 
levels of section shown in fig. 1 A (x 100). 

D-F. 6mm. h.-l. embryo. Transverse sections, taken at progressively posterior levels, through 
dichotomous egg-tooth and dental lamina. D passes through the front of the egg-tooth 
and shows the papillae, E passes through the middle of the tooth, and F through its 
posterior part. F also shows the thickenings of the dental lamina in the region where the 
germs of the rudimentary toothlets (g.r.t.) will develop. Approximate levels of section 


of E and F shown in fig. | B. (x 180). 
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A-C. Natrix nacvria, A, 7:5 mm. h-l. embryo. Transverse section through egg-tooth and rudimentary lateral 
toothlets. Anterior to this section the enamel epithelium is continuous inferiorly with the oral epithelium 
(x 65). B, 5°5 mm. h.-1. embryo. Approximate median section through egg-tooth (x 65). C, newly 
hatched specimen. Approximate median section through erupted egg-tooth (x65). The enamel covering 
the tooth has been removed by decalcification. 

D. Python reticulatus, near hatching. Transverse section through one of the lateral premaxillary teeth showing 
accessory cone on its outer aspect (x75). 


H, F. Vipera berus. E, 6°2 mm. h.-1 embryo. Approximate median section through egg-tooth (x 65). 
men killed just after birth. Approximate medi 


enamel covering of the tooth has been re 
has become desquamated (x 38). 


F, speci- 
an section through egg-tooth which is still unerupted. The 


moved, and the outer horny layer of the scales over the snout 
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The usual condition in snakes when the premaxillary dentition as a whole is about 
at its optimum state of development is shown in fig. 1 A and Pl. 50 A-C of a 6°5 mm. 
head-length embryo of Vipera berus, and in Pl. 5/ A of a 75 mm. h.-1. embryo of 
Natrix natrix. The large egg-tooth is situated anteriorly in the midline ; its develop- 
ment is further advanced than that of any of the other teeth in the mouth. Consider- 
able dentine formation has taken place: the enamel has apparently been removed 
during the decalcification of the specimens necessary for histological preparation. 
7 ee of the enamel organ is continuous inferiorly with the oral epithelium 

: i 

Martin (1901) described the egg-tooth in embryos of Vipera aspis as being 
surrounded by a double epithelial sac. Study of our V. berus material, however, 
suggests that his outer and inner epithelial sacs correspond with the external and 
internal epithelia of the enamel organ. The space between the two is filled by a 
layer of undifferentiated epithelial cells which corresponds with the stellate reticulum 
of the mammalian enamel organ (Pls. 50 A, 51 E). 


. to 
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Fie. 1.—Vipera berus. 

A. 65mm. head-length embryo. Reconstruction showing egg-tooth and associated structures 
seen from behind (x60). The cut surface of the upper part of the egg-tooth is shown 
at the approximate level of section in Pl. 50 A; the right and left toothlets are sectioned 
at the levels of Pl. 50 B and C respectively. 

B. 6mm. h.-l. embryo, showing dichotomous egg-tooth. Reconstruction of egg-tooth, etc., as 
in fig. 1 A (x60). The tooth is partly sectioned at the level shown in Pl. 50H. The 
dental lamina is shown intact, but the knife-point (labelled 1 F) indicates approximate 
level of section in P1450 F. The level of section in Pl 50 D is anterior to the cut surfaces 
shown. In this and fig. 1 A the epithelium covering the papilla appears as a hollow on 
the infero-lateral aspect of each side of the egg-tooth. 

C. 8mm. h.-l. embryo. Ventral view of front of palate, seen from below (x7). The egg-tooth 
is not visible through the epithelium, but is presumed to lie in the midline just in front of 
the papillae. 


Attached to the enamel organ of the egg-tooth on either side, and extending 
laterally and posteriorly from it, is the dental lamina. Slightly posterior to the level 
of the middle of the egg-tooth the upper border of the dental lamina on each side 
shows an irregular thickening, in the middle of which is a tooth germ. In the 
6-5 mm. h.-l. viper embryo this shows only an early stage of dentine formation 
(P1. 50 B, C), but in a Natrix embryo at a relatively later stage of development a well- 
calcified toothlet with its point directed inwards and slightly backwards is present on 
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each side (Pl. 51 A). No evidence was found to suggest that these toothlets undergo 
eruption. They cannot be seen in neonatal specimens and it seems likely that they 
are normally resorbed before birth. The presence of rudimentary toothlets, one on 
either side of the egg-tooth, has been previously described in embryos of Vipera aspis 
by Martin (1901), while Rose (1894) described the condition in a Vi berus embryo 
where the egg-tooth was flanked by a rudimentary toothlet on one side and an 
‘ epithelial pearl’ on the other. Such vestiges appear to represent all that remains 
of the more extensive premaxillary dentition found in lizards and some relatively 
primitive snakes. ; 

Behind the level of the toothlets the dental lamina disappears and is not continuous 
with the more posterior lamina from which the maxillary teeth develop. Small, 
partly detached buds of epithelium related to the lateral aspect of the dental lamina 
just behind the egg-tooth (fig. 1 A, Pl. 50 B) probably represent the precursors of 
glands which later develop at the front of the palate. A cellular condensation was 
observed in the palatal mesenchyme, longitudinally disposed on each side of the 
midline, and extending backwards for some distance from the region of the egg-tooth. 
These condensations are shown in Pl. 50 C, but are more conspicuous at a slightly 
more posterior level ; there is no evidence that they give rise to any structures and 
their significance is obscure. 

In most of the snake embryos examined a pair of small papillae are present at the 
front of the palate and usually lie slightly posterior to the level of the egg-tooth 
(fig. 1 C, Pl. 50 B). The size and precise position of the papillae are variable ; in the 
viper embryos with dichotomous teeth described later they are very conspicuous 
(though little more so than in some normal specimens) and project forwards slightly 
beneath the egg-tooth (Pl. 50D). These papillae are hardly visible in very late 
embryos and cannot be identified in adults. 

Except in the case of the pythons and the two viper embryos with anomalous 
egg-teeth described later, the condition of the premaxillary dentition is essentially 
similar in corresponding embryonic stages of all the species of snakes examined. The 
egg-tooth is median in position throughout development. No evidence was found to 
suggest that it is primarily related to one or other side of the premaxilla, nor was any 
structure with the appearance of a rudimentary egg-tooth seen on either side. 
Except in the case of the pythons, a single toothlet only was found in relation to 
each side of the premaxilla in snake embryos at the appropriate stages of development. 
The toothlets are arranged more or less symmetrically on the two sides, and apparently 
regress towards the end of embryonic life. 


PREMAXILLARY TEETH IN PYTHONS. 

Snakes of the subfamily Pythoninae, in common with a few other relatively 
primitive forms such as Jlysia and Xenopeltis, possess functional teeth on the pre- 
maxilla throughout their lives. In a 12 mm. head-length embryo of Python molurus 
two tooth germs are present, besides the egg-tooth, on each side of the premaxilla. In 
a considerably more advanced embryo of P. reticulatus there are four developing teeth 
crowded together on each side, while in another example of this species, very near the 
time of hatching, six teeth are present on each side. Examination of adult python 
skulls suggests that there are at any time not more than two functional teeth on each 
side of the premaxilla, and it seems likely that the additional teeth seen in the embryos 
represent the successional dentitions. A condition of interest was observed in the 
oldest python embryo where one of the premaxillary teeth on each side bears a small 
accessory cone (Pl. 51D). In embryos of Hunectes murinus and neonatal specimens 
of Constrictor constrictor and Eryx conicus, representatives of the allied subfamily 
Boinae, no lateral premaxillary teeth were seen ; it is probable, however, that 
rudimentary toothlets are present at earlier developmental stages, as in the other 
snakes described. 
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DICHOTOMOUS EGG-TEETH IN VIPER EMBRYOS. 


In two embryos of Vipera berus, both of about the same size (6 mm. h.-l.), though 
not siblings, a remarkable condition of the egg-tooth was seen (fig. 1 B, Pl. 50 D-F). 
In each specimen the tooth possesses two symmetrical cones, separate at their tips, 
but fused at their bases where there is continuity between their respective ameloblastic 
and odontoblastic layers. A thin layer of dentine is formed in both specimens. In 
one of these, where the tooth germ is slightly more advanced than in the other, 
actual continuity between the dentine of the two cones can be demonstrated 
(Pl. 50 E), and there is no doubt that a single bifurcated tooth, as opposed to two 
separate teeth, is being formed. The enamel crowns of the two cones have dis- 
appeared during the process of decalcification, but no doubt these conformed closely 
with the outline of the dentine. 

These embryos are at a stage somewhat earlier than the normal specimen shown in 
fig. | A and Pl. 50 A-C; the lateral toothlets are not yet certainly distinguishable, 
though their germs are probably indicated by a cellular condensation in each side 
of the dental lamina (PI. 50 F). A sibling of one of these embryos was sectioned, but: 
possesses a single median egg-tooth and shows no abnormal features. 

The viper embryos with bifurcated egg-teeth recall the specimen, at a more 
advanced stage of development, described by Schmiidderich (1913), where two large, 
equally developed egg-teeth were present. Although Schmiidderich was not explicit, 
his account suggests that these teeth were entirely separate from each other ; his 
only figure of the specimen, a transverse section, shows each tooth cut across and at a 
considerable distance from its fellow. Schmiidderich suggested that the left egg-tooth 
in his specimen corresponded to the rudimentary left egg-tooth germ which he 
believed to be present, though normally retrogressive, in other embryos. This 
interpretation rests, however, on ‘the assumption that a left egg-tooth primordium 
does actually occur in some snake embryos, a view for which we have found no 
evidence. he 

Rése (1894) figured in a viper embryo a small epithelial ingrowth which he 
regards as the primordium of the left egg-tooth, but this is shown in sagittal section. 
only so that the precursor of the (right) functional egg-tooth is not visible. The 
unconvincing nature of this illustration was pointed out by Schmiidderich. The latter 
shows structures which he describes as the right and left egg-tooth primordia together 
in transverse sections of a viper embryo of 8-5mm. head-length. He does not, 
however, figure any reconstructions, nor does he comment on the two lateral rudi- 
mentary toothlets, in spite of the earlier observations made by Rose and Martin. 
Schmiidderich’s illustrations (his fig. 16 and PI. I, figs. 2 and 3) resemble the appear- 
ances seen in our own material where the plane of section was slightly oblique so that 
one lateral toothlet, together with the egg-tooth, appear in the same transverse section ; 
the toothlet on the other side appears a few sections further back. Careful examina- 
tion of ourmaterial, comprising a number of different species of snakes, and comparison 
of our sections with those figured by Schmiidderich has left us unable to confirm the 
latter’s observations on the presence of a left egg-tooth germ.. Our own findings are, 
however, essentially in agreement with those of Martin ( 1901) whose paper on the 
_ premaxillary dentition of Vipera aspis was not cited by Schmiidderich. ce 

It seems to us probable that the bifurcation of the egg-tooth in our two viper 
embryos is the result of axial dichotomy of a single median tooth germ following some 
disturbance of normal ontogeny. A more complete dichotomy of this type might give 
rise to paired egg-teeth as described by Schmiidderich, and an asymmetrical 
dichotomy might be responsible for the formation of a small accessory cone such as. 
that seep in the python embryo. Comparable anomalies of the human incisor teeth 
have been described (Colyer & Sprawson, 1942). It may be noted that in some 
macerated preparations of egg-teeth, such as that of Natria shown in fig. 2 B, the 
enamel tip of the tooth is slightly bifid. Removal of the enamel from this ere, 
- by treatment with acid indicates that the dentine core is only slightly notched ; 
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whether this condition is at all comparable with the much more extensive dichotomy 
observed in the two viper embryos it is impossible to say. 

It is unlikely that such a process of dichotomy of the egg-tooth germ, if that 
indeed is the immediate cause of the conditions described, has any phylogenetic 
significance. The possibility occurred to us that the paired egg-teeth believed to have 
been present in primitive Squamata might have fused during the course of evolution 
to produce the single median egg-tooth of living snakes, as an alternative to the 
views previously advanced that the left egg-tooth has disappeared entirely or has 
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Egg-tooth and premaxilla of Natrix natrix (A, seen from the left side, B, from below) and Sisturus 
catenatus (C, from the left side, D, from below). In B the approximate outline of the tip 
of the egg-tooth after decalcification is shown in interrupted lines. 


been reduced to a transient embryonic rudiment. Origin of the egg-tooth from two 
separate elements, though not normally repeated in the embryo, might occasionally 
be recapitulated as an anomaly. There are, however, few, if any, instances of struc- 
tures in the vertebrate body which have a paired phylogenetic origin, but which do 
not betray their double nature in the course of ontogeny. Moreover, this hypothesis 
would involve the assumption that the egg-tooth of snakes is not homologous with 


that in certain lizards where the existence of a rudimentary left egg-tooth in the 
embryo is generally recognized, 
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SHAPE, ERUPTION AND FUNCTION OF THE EGG-TOOTH. 


In most lizards and snakes the egg-tooth is curved in such a way that it projects 
more or less directly forwards from the front of the premaxilla. This appearance of 
the egg-tooth in Natrix natria was originally figured by Weinland (1856), and is well 
illustrated in a photograph shown by de Beer (1949) of a newly hatched python. The 
characteristic forward curvature of the egg-tooth of Natrix is apparent even at a 
relatively early stage in development (Pl. 5/ B), though it is much more marked in 
specimens near the time of hatching (fig. 2 A, Pl. 51 C). 

Tn all our specimens of Vipera berus, however, including both macerated and 
sectioned material at all developmental stages, the egg-tooth is conical and projects 
straight downwards, or downwards and slightly backwards, from the premaxilla 
(Pl. 51 EK, F). The number of specimens studied seems sufficiently great to preclude 
the likelihood that this characteristic of the egg-tooth is subject to individual variation. 
In addition to our Vipera berus material, a few macerated preparations of the premaxilla 
and egg-tooth of certain crotaline snakes have been available through the kindness of 
Mr. Lawrence M. Klauber. In two specimens of Sisturus catenatus (fig. 2C,D), the 
shape of the egg-tooth resembles that in Vipera berus. In Crotalus atrox and C. 
basiliscus (two specimens in each case), as in our sectioned embryos of Agkistrodon 
mokasen and the African viper Bitis gabonica, the tooth is curved forwards, much as in 
Natrix. Martin’s figures show that in Vipera aspis the egg-tooth is conical and 
directed downwards and slightly forwards (see our fig. 3B). Examination of further 
material is necessary to determine whether the disposition of the egg-tooth is of 
taxonomic significance. 

The shape of the egg-tooth in oviparous snakes such as Natrix natria and Python 
renders it an effective instrument for tearing the parchment-like egg-shell before 
hatching. We have noted, however, that a similar forwardly directed egg-tooth is 
algo present in a number of crotaline and viperine snakes, and this is also the case 
in Eunectes : all these forms are ovoviviparous. In such snakes the egg-tooth may 
play some part in tearing the embryonic coverings. The observations of Smith (1951) 
on the ovoviviparous lizards Anguis fragilis and Lacerta vivipara, however, suggest 
that the tooth, which is of the usual forward-curving shape, has little functional 
importance in these forms, emergence being effected mainly by movements of the 
head. 

In Sisturus catenatus and Vipera berus, where the egg-tooth points downwards and 
backwards, it seems certain that this tooth has no function. Indeed, in the speci- 
men shown in Pl. 51 F, which was killed immediately after birth, the egg-tooth is 
not quite erupted. This was also the case in some individuals killed a day or two after 
birth, although in others, in so far as could be determined by macroscopic examination, 
eruption of the tooth had occurred. In some cases it may not be shed until the 
twelfth day after birth. In certain neonatal specimens the egg-tooth is very much 
smaller than in that figured, and it seems possible that in such cases it may be 
resorbed without erupting. 

Martin (1901) found the egg-tooth unerupted in a 5-day-old example of Vipera 
aspis and regards it as non-functional in this species. He also stated that it has no 
firm attachment to the premaxilla; his figure of the condition in a late embryo, 
(our fig. 3B) shows the unerupted tooth surrounded by its epithelial sheath and 
separated by connective tissue from the bone. In our neonatal specimens of V. 
berus, however, the base of the tooth is joined to the premaxilla by a pedestal of bone 
of attachment (PI. 51 F), though this connection seems much weaker than in Natrix 
(Pie GL Cy. 
ae catenatus, Vipera berus and V. aspis are ovoviviparous. Young Vipera 
berus are usually born with their embryonic coverings intact ; they are ruptured 
shortly afterwards by movements of the head and body (Smith, 1951). The inability 
of the egg-tooth to function would therefore be of little significance in such forms. 

It seems likely that in Squamata where the ovoviviparous type of reproduction 
has been evolved the egg-tooth loses its importance and becomes liable to undergo 
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morphological changes of a type unrelated to function, such as alteration in shape and. 
diminution in size ; it may also, perhaps, become retarded in eruption. Haacke (1885) 
states that the ovoviviparous lizards T'rachydosaurus asper and Cyclodus boddaertiw 
have no egg-tooth at the time of birth. As Hilland de Beer (1950) point out, however, 
Oyclodus is known to possess an egg-tooth during embryonic life (Woerdeman, 1919), 
and although this may be shed or resorbed before birth, confirmation of Haacke’s 
observation is required. 

It is of interest that in the monotreme mammals, which are unique in possessing 
both a caruncle and an egg-tooth, the latter is small and recurved in a manner 
somewhat reminiscent of that in Vipera berus. Hill and de Beer suggest that in the 
Platypus the egg-tooth may function only to rupture the thin amnion, escape from the 
hard shell being effected by means of the caruncle, possibly assisted by the powerful 
fore-limbs. 


0-5mm. 


Fig. 3. 
A. Ilysia scytale, subadult. Transverse section through snout showing median tooth, which in: 


this specimen is not erupted and is not attached to th i i 
audience ce ey ed to the premaxilla. Only the larger blood. 


B. LS fy aah. embryo, Sagittal section through egg-tooth. Modified from Martin 
, fig. 8). 


Mrpian TEETH IN SQUAMATA, 


Many lizards possess a median tooth during post-natal life see Woer 
This tooth is situated at the front of the rates which, ie the Se of ae 
are fused into a single bone, as in snakes. This median tooth is often larger than the 
other premaxillary teeth, especially in amphisbaenids where it occurs constantly 
and in some genera is the only tooth on the premaxilla. Personal observations on 
the amphisbaenid Anops kingii show that the anteriorly directed egg-tooth is succeeded 


by a median tooth similar in sha i it i 
, I pe to the other premaxillary t 
whether this relationship is constant in other ae Sdipeaiy asi nS SES: 
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The presence of a median premaxillary tooth, apart from the egg-tooth has not, 
to our knowledge, been previously reported in snakes. Such a tooth is present, 
however, in a subadult specimen of the primitive snake Ilysia scytale (fig. 3A), 
and is flanked by an equal number (5 in all, 2 erupted) of lateral premaxillary teeth 
in various stages of development on each side. No successor to the median tooth is 
present in this specimen. No median teeth were found in sections of two post-natal 
specimens of Xenopeltis wnicolor. 

A preparation of the amphisbaenid Rhineura floridana treated with the de Castro 
silver impregnation technique clearly shows that the median tooth is supplied, not 
by the maxillary, but by the medial ethmoidal branches of the ophthalmic nerves 
which send fibres into the premaxilla. It is not unlikely that the median and egg- 
teeth of other Squamata have a similar nerve supply, but confirmation of this is 
impossible until selectively stained preparations are’ available. 


SUMMARY. 


1. Ina large number of embryos of Vipera berus, Natrix natrix and other snakes a 
single median egg-tooth is present. No evidence for the existence of a second 
rudimentary egg-tooth pertaining to the left side of the premaxilla, as was stated to 
occur by some previous workers, was found. 

2. In addition to the egg-tooth a single rudimentary toothlet develops in relation 
to each half of the premaxilla in embryos of most ophidian species studied. These 
toothlets are probably resorbed before birth. They represent the remnants of 
the more extensive premaxillary dentition present throughout life in lizards and in 
some relatively primitive snakes. 

3. The condition in embryos of Python, where teeth are present on the premaxilla 
throughout life, is described. In one of these embryos a premaxillary tooth on each 
side possesses a small accessory cone. 

4. Intwo embryos of Vipera berus the egg-tooth is partly divided into two cones of 
equal size ; the significance of this condition of partial dichotomy is discussed, and is 
thought unlikely to have phylogenetic significance. 

5. In most snakes, including both oviparous and ovoviviparous forms, the egg- 
tooth is curved so that it projects forwards from the premaxilla. In the ovoviviparous 
Vipera berus and Sisturus catenatus the egg-tooth points more or less downwards, and 
is presumably non-functional. It is suggested that the egg-tooth may undergo 
retrogressive changes in some ovoviviparous Squamata, where it has no functional 
importance. 

6. The presence of a median premaxillary tooth in a subadult specimen of the 
snake Ilysia is reported. Comments on the nerve-supply of median teeth and egg- 
teeth in Squamata are made. 
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ABBREVIATIONS TO FIGURES AND PLATES. 


aC. accessory cone. l.p.pmx. lateral process of premaxilla. 
a.cup. anterior cupola of nasal capsule. mt. median tooth. 

eM. anterior external nostril. Mx. maxilla. 

aml. ameloblastic layer of enamel organ. N.C. parts of nasal capsule. 

a.n.t. anterior nasal tube. N.8. nasal septum. 

a.p.pmex. ascending process of premaxilla. 0.ep. oral epithelium. 

b.a. bone of attachment. p.al.t. processus alaris inferior. 

cond. condensations of mesenchyme. pap. papilla at front of palate. 

de. dentine. pmax. premaxilla. 

d.l. dental lamina. p.p.pmx. palatal process of premaxilla. 
d.p. dentine papilla. rt rudimentary toothlet. 

€.0. enamel organ. S.t. successional premaxillary tooth. 
€.t. egg-tooth. t. premaxillary tooth. 

gl. gland precursor. v. blood or lymph vessel. 

g.r.t. germ of rudimentary toothlet V eth. ethmoidal branch of ophthalmic 


developing in dental lamina. division of trigeminal nerve. 
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ON THE OCCURRENCE OF PINEAL CARTILAGES IN THE CHONDRO- 
CRANIUM OF A MAMMAL. By F. C. Enorr, Department of Zoology, 
University of Pretoria. (Communicated by Prof. J. D. Boyn, F.L.S.) 


(With 1 text-figure.) 


[Read 21 February 1952.] 


In the course of my investigations on the early development of the rodent skull I 
came across two cartilages of doubtful significance in the chondrocranial roof of a 
specimen of Otomys tropicalis Roberts. The chondrocranium at this stage is well 
developed and appears to be at its optimum state of development. The cartilages 
im question consist of a pair of small plates which diverge posteriorly, and are situated 
in the large fontanelle which exists at this stage between the developing frontal and 
parietal bones. They have no connection with any other skeletal part and are 
embedded in the connective tissue which closes the fronto-parietal fontanelle. 

The position of these cartilages as shown in the graphic reconstruction (fig. 1 A) 
is such as to suggest, at first sight, that they might represent remnants of the tectum 
synoticum or of the tectum transversum. Further consideration of these structures, 
however, shows this to be very unlikely. Their greatest significance lies in the fact 
that they occur just above and slightly lateral to the pineal body. It is proposed to 
call them pineal cartilages in preference to using the name epiphyseal cartilages, 
which has hitherto been employed to denote the corresponding elements occurring in 
the skulls of some of the lower vertebrates. The latter term leads to unnecessary 
confusion as it is more usually applied to the articular cartilages at the ends of limb 
bones and vertebrae. 

The chondrocranial roof of mammals shows considerable variation in its degree of 
development. A tectum posterius, joining the occipital arches, is a characteristic 
feature of the mammalian chondrocranium. A tectum synoticum, roofing the cranial 
cavity between the otic capsules, has been found to occur in varying stages of complete- 
ness in a number of mammals such as Ornithorhynchus, Didelphis, Sus, Homo, Halicore, 
and possibly Globiocephala. In Echidna, Halicore and, according to de Beer (1937), 
in Poecilophoca there are cartilages which appear to represent remnants of the tectum 
transversum, which in some amphibia roof across the chondrocranium anterior to the 
level of the auditory capsule. 

In Echidna, Gaupp (1908) found an isolated median cartilaginous plate which 
arises independently in the roof of the chondrocranium. It becomes temporarily 
connected laterally with the cartilaginous parietal plates to form a continuous bridge 
of cartilage over the brain. In the course of its further development it loses its 
connection with the parietal plates, after which it disappears completely. Gaupp 
compares this cartilage, which he calls the ‘ Deckenknorpel der vorderen Oticalregion ’, 
to an independent cartilage which he found in Rana (1893). In the latter it appears 
to represent the remnants of the taenia tecti transversalis, which is normally a trans- 
verse bar connecting the two taeniae marginales. 

Matthes (1921) described an isolated median cartilaginous plate in front of the 
tectum posterius in Halicore. He discusses its relations and compares it with Gaupp’s 
‘ Deckenknorpel ’ in Echidna, and to the taenia tecti transversalis of lower vertebrates. 
The ‘ Deckenknorpel ’ of Halicore occurs in the fontanelle between the parietal bone 
and the tectum posterius and is, therefore, situated behind the parietal bone. The 
pineal cartilages of Otomys, on the other hand, lie in front of the parietal bone and 
cannot therefore be morphologically equivalent to the ‘ Deckenknorpel’ of Halicore 
and Echidna. 

In the chondrocranium of Poecilophoca, Fawcett (1918) found a pair of cartilages 
in the plane of the coronal suture which he called the tectum cranii anterius. He 
states that “it is possible that these cartilages occupy the neighbourhood of the future 
bregma, although the state of ossification is not nearly far enough advanced here to 
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FIG.1.B. 


Fia. 1 A.—Dorsal view of posterior region of chondrocranium of 25 mm. specimen of Otomys 
tropicalis, 

Fie. 1 B.—Transyverse section through pineal region of head of 25 mm. specimen of Otomys 
tropicalis. 

Abbreviations : AC, auditory capsule; AS, alisphenoid ; BO, basioccipital bone ; CD, cochlear 
duct ; CSF, comm. suprafacialis; CST, central stem; OT, chorda tympani ; 
KO, exoccipital bone; F, frontal bone; FV, fenestra vestibuli; G, gonial; I, incus; 
IP; interparietal bone; MC, Meckel’s cartilage; P, parietal bone; PB, pineal body 2 
PC, pineal cartilage; PP, parietal plate; STA, stapedial artery; TY, tympanic bone; 
TYC, tympanic cavity. 
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enable one to more than surmise that such is the case ; whatever their position with 
reference to the older cranium may be, their very forward position in this animal is 
very striking, and is new to me ”’. 

In spite of Fawcett’s statement on the unusual position of these cartilages, 
de Beer (1937) regards them as remnants of the tectum transversum and as equivalent 
to the ‘ Deckenknorpel’ of Halicore, which lies behind the parietal. As Fawcett 
suspects his tectum cranii anterius to develop in the region of the bregma, i.e. in front 
of the parietal, however, the two elements in Halicore and Poecilophoca respectively 
could hardly be regarded as homologous. An homology between the tectum anterius 
of Poecilophoca and the pineal cartilages of Otomys appears to be far more consistent 
with the facts. Inno mammal other than these two forms have comparable structures 
been described. 

Amongst non-mammalian vertebrates corresponding cartilages have been found 
to occur in a bird and in a number of fishes. Amongst reptiles and amphibians their 
existence has not yet been reported. 

In the hawk Tinnunculus, Suschkin -(1896, 1899) discovered a rudiment of the 
cartilaginous roof of the skull in the form of two cartilaginous rods which diverge 
anteriorly. They lie in the fronto-parietal fontanelle beside the upper end of the 
pineal body. A comparison between Suschkin’s figs. 84 and 86 and fig. 1 of this paper 
shows the remarkable resemblance in shape and position of these cartilages in Otomys 
and Tinnunculus. According to Suschkin these cartilages chondrify in the connective 
tissue of the cranial vault. With the closure of the fronto-parietal fontanelle they 
become covered by the parietal bones, after which they disappear completely. 
Suschkin calls them ‘ Epiphysenknorpel ’, but does not attempt to explain their 
morphological significance. This is, as far as is known, the only instance of such 
cartilages occurring amongst birds. 

Epiphyseal cartilages occur in the chondrocranium of a large number of fishes. In 
those forms in which their early history could be traced, such as Cyclopterus (UhImann, 
1921), Gasterosteus (Swinnerton, 1902) and Amia (Pehrson, 1922) they arise as paired 
cartilages, dorsal or dorso-lateral to the pineal complex. They subsequently fuse with 
each other and with the lateral parts of the chondrocranium to form a unified bridge of 
cartilage over the brain. 

In attempting to explain the morphological significance of the pineal cartilages 
of Otomys one is confronted by the problem whether they should be interpreted as 
ancestral relics or as secondarily evolved structures without obvious phylogenetic 
significance. Lagat : 

The apparent absence of the pineal cartilages in living reptiles and in the most 
primitive mammals studied indicates that it is very unlikely that the condition in 
Otomys could have been directly inherited from that in fishes. Yet there appears to 
be some justification for regarding the pineal cartilages of Otomys, and perhaps also 
the tectum anterius described by Fawcett in Poecilophoca and the epiphysial cartilages 
in Tinnunculus, as homologous with the corresponding cartilages in fishes, just as 
Gaupp saw in the ‘ Deckenknorpel ’ of Echidna the relics of an amphibian structure. 

On the other hand the constant association of the pineal and ° epiphyseal cartilages 

in the forms mentioned (including the corresponding cartilages in Poecilophoca and 
the ‘ Deckenknorpel ’ of Halicore) with the large fontanelle either in front of or behind 
the parietal bone may be of some obscure ontogenetic significance, suggesting a 
secondary origin of these structures. 

In conclusion, it might be said that although the occurrence of pineal cartilages in a 
mammal is of great interest, their significance is obscure. Further study of this little- 
known region of the chondrocranium in graded series of embryos might reveal their 


presence in other forms. 
SUMMARY. 


A pair of cartilages in association with the pineal body was found in the chondro- 
cranial roof of a rodent, Otomys tropicalis. They appear to be homologous with the 


) 
JOURN, LINN, SOC,—ZOOLOGY, VOL. XL, 20 


272 PINEAL CARTILAGES IN THE CHONDROCRANIUM OF A MAMMAL 


so-called ‘epiphyseal’ cartilages in lower vertebrates. To avoid confusion with the 
epiphyseal cartilages of limb bones and vertebrae, to which this name is more 
commonly applied, the term pineal cartilages is suggested. 

Part of this work was carried out in the Anatomy Department, London Hospital 
Medical College. I wish to acknowledge my indebtedness to Prof. J. D. Boyd for the 
kind hospitality offered to me by his department and to Dr. A. d’A. Bellairs for his 
kind interest and advice. 
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A NEW POMADASID FISH FROM THE COLOMBIAN CARIBBEAN. 
By Crom Miugs, Ph.D., F.L.S., F.Z.S. 
(With 1 text-figure.) 
[Read 21 February 1952. ] 


During a trawling expedition in August, 1949, I had an opportunity of examining 
a large number of fishes captured from a depth of 40 fathoms along the coast of the 
Goajira Peninsula between the port of Riohacha and the Cabo de la Vela. The 
majority of the forms encountered belong to the tropical fauna common to the zone 
extending from Florida to Brazil and presented few problems; one, however, belong- 
ing to the family Pomadasidae, shows features which exclude it from any existing 
genus. ‘This is unfortunate, since the family is at present in a somewhat confused and 
complicated state and some of the characters, such as the number of dorsal spines 
(which shows some overlapping), would. appear not to be of a generic character. 
There is little doubt that a revision of this world-wide family is called for, and it is 
probable that the new genus here proposed will then disappear, together with others, 
and become a part of Pomadasis, a result highly to be desired as, in my opinion, 
modern taxonomy is drifting dangerously far from the Linnaean concept as to what 
constitutes a genus. There is, however, no choice in the present circumstances but 
to create the niche which is lacking to accommodate this new form. 


ISACIOPS, gen. nov. 
Genotype, Isaciops facis. 


A small-mouthed Pomadasid genus. Body elongate, the length more than five 
_ times the depth, the back not elevated, the upper and lower profiles evenly convex, 
the head symmetrically pointed, snout short. The body with a small number of 
horizontal brownish stripes. 

The mouth small, oblique, the jaws equal, no trace of red within in specimens 
preserved in spirits. Maxillary short, straight, without supplemental bone, reaching 
to anterior margin of eye. Teeth small, conical, villiform, no canines or molars, the 
outer row slightly enlarged. The isthmal groove ends in one or two pores beneath the 
chin, as in Rhonciscus. 

The soft fins mostly naked, with no trace of scales on rays or membranes anteriorly, 
but the basal sheath continuous on posterior rays of soft dorsal and anal fins, An 
independent scaly sheath anteriorly at base of anal fin into which this fin folds 
when depressed, the sheath at base of dorsal less prominent. Dorsal fin deeply 
notched, with thirteen spines and a similar number of soft rays. Anal fin short, with 
three spines and about eight soft rays, the second spine very little stronger than the 
third. Caudal fin forked, pectorals falcate, pelvics with a scale-like appendage at 
their base. 

No spines on opercle, preopercle finely serrate on its posterior margin and at the 
angle, none of the serrae notably enlarged nor turned forward. Post-temporal bone 
(‘ supra-scapula ’ of authors) serrate posteriorly, the serrae visible externally above 
the first scale of the lateral line. a 

Scales pectinate, firm, regularly imbricate, the series below the lateral line 
parallel with lengthwise axis of body, those above inclined at a steep angle below the 
spinous and soft dorsals, becoming parallel with lateral line on caudal peduncle, 
About six scales between the lateral line and the dorsal fin base, counting vertically 
across the series. 

Vertebrae 10-14. Gill-rakers more numerous and compact than in most of the 
genera, rather long, the length of the longest one about seven times its width, and 
everywhere covered with microscopic teeth, Intestine very short, pyloric caeca 


seven, 20% 
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As regards the relationship of the genus, I am greatly indebted to Dr. L. P. 


Schultz, Curator of Fishes at the U.S. National Museum, Washington, who has very | 
kindly examined the holotype of J. facis in the light of the abundant comparative | 


material collected together at that Institution, and who writes me as follows : 

‘| among those genera with small mouths, /sacia and Rhonciscus differ from 
other genera (Bathystoma, Brachygenys and Isaciella) by the arrangement of the 
‘median pores’ on the chin. Jsacia has the arrangement as shown on the 
diagram, and the posterior pair is external to the tip of the median isthmal groove, 
whereas Rhonciscus has the two posterior median pores at the anterior tip of the 
isthmal groove, as in your Jsaciops. The other genera have a median pore or 
chamber just beyond the anterior tip of the isthmal groove, and in the lateral walls of 
this median pore occur the two posterior pores. In addition to the difference in chin 
pores for Bathystoma, Brachygenys and Isaciella, the dorsal and anal fins in these 
species are fully scaled. Bathystoma has a large mouth, Jsaciops a smaller one. 
Among the genera compared this leaves Rhonciscus as the only genus close to 


your new species, facis. 
Rhonciscus 

Lower jaw shorter than upper, included 
when mouth is closed. 

Length of longest gill-raker less than twice 
its width ; gill rakers short, stubby. 

Second anal spine notably very heavy, 
longer than third, projecting beyond tip 
of last soft ray when anal fin is depressed. 

Anal normally ITT, 6. 

Pectoral rays ii, 14. 


However, Rhonciscus differs as follows from Isaciops : 


Isaciops 
Jaws equal, obliquely terminal. 


Length of longest gill-raker at least six 
times its width ; gill-rakers slender. 
Second anal spine only a little longer than 

third, not projecting beyond tip of last 
soft anal ray when fin is depressed. 
Anal normally ITT, 8. 
Pectoral rays ii, 16.” 


The most important of these differences is, perhaps, the discrepancy in the length 
and strength of the second anal spine, irrespective of whether Rhonciscus is considered 
as a separate genus or as a subgenus of Pomadasis. Another important character is 
the intermediate position between those forms having a densely scaled dorsal and anal 
fin and those with scaleless fins. In Jsaciops both large and small specimens have a 
sheath of scales anteriorly independent of the fin, but becoming attached to the last 
inter-radial membranes and extending to their margin. 

Dr. Schultz’s description of the so-called ‘median pore on chin’ is the first I have 
seen which is at all clear to a person not having before him the comparative material 
available in a museum, and it is to be hoped that this and other features will be 
described in a more comprehensive fashion when the family is revised. 

Isaciops, similar to Isacia, a genus found on the Peruvian coast ; from Isaki, a 
Japanese name (Jordan and Fessler, 1893) and ops (L.) the splendour or advancement 
of, so avoiding the undesirable implication of the more usual wi. 


Isaciops facis, sp. n. 

Holotype: U.S.N.M. No. 153917, standard length 87 mm. A paratype, 78 mm. 
length, will be deposited with the British Museum (Natural History). -A smaller 
specimen, 65 mm., is retained by the author in his private collection. It is unfor- 
tunately impracticable to leave a type in Colombia, there being at present no institution 
with a properly cared for fish collection. All types were taken between Cabo de la 
Vela and Riohacha, in the Colombian Caribbean, at a depth of 40 fathoms. One 
specimen. was dissected. 

Dr SIDS ole TD Se V also: 
Snout 4:0-4-5. Eye 3. Maxillary 3. 

Gill-rakers slender, numerous, 10+21, everywhere covered with minute teetl 
visible with the aid of a microscope. Vertebrae 10-+14. 

Preopercle serrate on posterior margin and angle, smooth on inferior margin. 
Pores of varying size and disposition above eye, on snout and below preopercle ; in 
the type specimen only there is a large pore near the angle of preopercle, affecting the 
bone, but this feature is not present in the other specimens, 


P. ii, 16. \ Head 3-35-35. Depth 3-6-3:8. 
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Scales 6-60-12, the series above the lateral line rising at an angle of about 30°. 
None of the scales notably enlarged, those along the lateral line a little smaller than 
the rest, the tubules forked on the anterior part. The scales are pectinate, the 
cilia notably longer where they overlap the gap between the imbrications. In front 
of the cilia there is a smooth semi-circle which, reflecting the light, gives rise to a 
definite pattern, and inside this again there is exposed a small, striated patch of scale. 

The dorsal spines are rather slender, the fourth 1-8 to 2-1 in the head, and the 
second anal spine is but little larger than the third, 2-8 to 3-0 in the head, reaching when 
depressed only to base of last soft ray. Ventrals 1-3 in head, pectorals 1-0. Caudal 
rather deeply forked, the lobes rounded. 

Colour in spirits silvery, with four well-defined horizontal stripes of a brownish 
yellow colour, the first originating at a point in centre of interorbital and continuing 
medially along back to middle of soft dorsal. This is followed by a white stripe 
below, converging with its fellow in a sharp angle at the posterior extremity of the 
premaxillary process, and continuing posteriorly to last rays of soft dorsal. The 
second dark yellow stripe originates on the snout and follows a curving line, parallel to 
the back, continuing medially on the caudal peduncle. The second white stripe 


originates at the nares, runs over the eye, parallels the lateral line and becomes 
horizontal on the caudal peduncle. The third dark line begins over the eye and 
corresponds exactly to the lateral line, terminating in a large, well-defined dark blotch 
in the hypural region. The fourth and last dark line is somewhat less distinct, 
commencing behind the eye and following a straight horizontal line representing a 
chord of the curved lateral line, with which it unites below the soft dorsal. Between 
the last two dark lines, therefore, there is a light streak ending posteriorly in a point. 
Snout, maxillary and chin dusky. Dorsal and caudal fins dusky, the others hyaline. 
A small, dusky patch in axil. No dark spot at angle of preopercle. Peritoneum 
blackish. 

A very small species, the specimen dissected, about 80 mm. in length, having the 
ovaries distended with a large number of small ova about 0-5 mm. diameter. 

Facis, genitive of fax, a torch or candle, which may refer to both the Cabo de la 
Vela and Riohacha, between which points the species was found, one meaning of both 
vela and hacha in Spanish being a torch or candle. 
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EXPEDITION TO THE GUGHE HIGHLANDS (SOUTHERN ETHIOPIA), 1948-49 : | 
COLEOPTERA, CARABIDAE. By P. Basmeiwsky, F.R.E.S., Musée du Congo | 
Belge, Tervuren. (Communicated by Dr. Hueu S:ort, F.R.S., F.L.S.) 


(With 9 text-figures.) 
[Read 25 October 1951.] 


Monsieur Hugh Scott a bien voulu me confier l'étude d’un matériel fort intéressant, | 
rapporté de sa Mission en Ethiopie du Sud (1948-49) et tout particulierement du 
massif montagneux du Gughé et du Mt. Damota, qui n’avaient jamais été explorés 
au point de vue entomologique. Je l’en remercie trés sincérement. Ces recherches, 
faisant suite a celles qu’il avait effectuées sur le Mt. Chillalo en 1926, apportent des 
renseignements extrémement précieux sur le peuplement carabidologique des hautes 
montagnes de l’Ethiopie du Sud. Mon travail comprend la liste de toutes les especes 
rapportées par Mr. Scott, exception faite des Trechinae et des Pterostichinae, etudiés 
respectivement par mes amis le Dr. R. Jeannel* et le Dr. S. L. Straneo. J’aiajouté a 
cette liste quelques Carabiques provenant d’autres régions de l’Ethiopie visitées par 
Mr. Scott au cours de cette expédition et quelques exemplaires qui lui ont été 
donnés par le Dr. Giaquinto et par le Marquis S. Patrizi. 

Sept espéces nouvelles ont été découvertes, ainsi qu’un genre inédit : cing d’entre 
elles ont été recueillies sur le Massif du Gughé, une sur le Mt. Damota et une a été 
trouvée simultanément sur les deux. En outre, quatre espéces qui semblaient 
spéciales au Mt. Chillalo ont été capturées en nombre au Gughé : Orinodromus gestroi 
Breuning, Hypsipezum mus Netolitzky, Kenyacus scotti Basilewsky et Zargochilus 
scott? Alluaud; les deux derniéres n’étaient connues d’ailleurs que par un seul 
exemplaire et leurs nouvelles captures sont tout a fait remarquables. Enfin, il 
ressort de cette étude qu’il existe une grande affinité entre les faunes du Gughé et du 
Chillalo, affinité qui sera certainement confirmée par examen d’autres groupes. 

Les holotypes des espéces nouvelles se trouvent au British Museum, les paratypes 
dans cette méme institution et au Musée du Congo Belge & Tervuren. J’ai encore 
ajouté & ce travail la description d’un Calathus nouveau des environs d’Addis Ababa, 
recueilli par le Marquis S. Patrizi; le type se trouve au Musée du Congo Belge a 
Tervuren et des paratypes dans le méme institution et dans les collections Patrizi et 
Straneo. 


Subfam. CARABINAE. 


Carabops abyssinicus Gestro. 


Gamo Province : Chencha, c. 8,900 ft., 22-26. xi. 1948, 2 ex. ; 1-2. xii. 1948, 1 ex. 

Espéce largement répandue dans le Choa et aux environs d’Addis Ababa. 
Mr. Omer-Cooper I’a également recueillie sur le Mont Zuquala, au-dessus de 9.000 ft. 
@altitude. Les trois individus rapportés par Mr. Scott appartiennent a la forme 
typique, et ont donc les pattes entigrement noires. 


Orinodromus (Carabophanus) gestrot Breuning. (Fig. 1.) 

Gamo Province: Mt. Gughé, c. 10,500-11,000 ft., from base of peak on east side, 
20-21. xii. 1948, 2 ex.; Mt. Tolat, c. 9,500-10,600 ft., 9. xii. 1948, 1. ex: + Mt: Tola 
over 10,000 ft., from track across precipitous eastern escarpment, 5. xii. 1948, 6 ex. : 
Mt. Tola, c. 10,000 ft., 10-14. xii. 1948, 8 ex.; top of Mt. Tola, 11,000-12,000 ft., 
15. xii. 1948, 4 ex + 21 ex. au total. 


* Dr. Jeannel’s study of the Trechinae has already been published ; see Rev. frang. Entom., 
i 176-183, Oct. 1950. Dr. Straneo’s account of the Pterostichinae follows the present report 
by M. Basilewsky, which covers all other sections of the Carabidae represented in the collec- 
tion.— Huan Scorn. 

+ The long ridge of Mt. Tola lies some miles east of the twin peaks of Mt. Gughé proper. The 
topography will be explained in the general Report on the journey.—Hvuen Scorr. 
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Cette espece a été décrite sur un seul individu rapporté par la deuxiéme Mission 
Bottego “entre Badditt et Dimé, v—vii.1896”.* _H. Scott a d’ailleurs pris un second 
exemplaire de cette espéce en 1926 surle Mt. Chillalo, entre 12.000 et 13.000 ft. d’altitude. 
Les captures de Mr. Scott sont donc tout a fait remarquables et étendent l’aire de 
dispersion de cette espéce. La taille de ces exemplaires varie dé 11,5416,5mm. Je 
crois utile de figurer l’édéage de cette espece, qui était resté inconnu a Jeannel. 


Fig. 1.—Orinodromus gestrot Breuning ; édéage, x 32. 


Subfam. SCARITINAE. 


Clivina natalensis Putzeys. 


Lowest point between Soddu (Wolamo Proy.) and Borodda (Gamo Prov.), 
c. 5,000 ft., from edges of river flowing from west into Lake Abaya (Margherita), 


18. xi. 1948, 8 ex. 
Espéce trés largement répandue dans toute VAfrique Orientale, Centrale et 


Australe. 
Dyschirius (Dyschiriodes) sp. 
Arusst Province : N.E. of Shashamanna, c. 6,500 ft., from peat and grit beneath 


tufts of coarse grass, 17. x. 1948, 1 ex. : : 
Cet ot ede se rapporte incontestablement a une espece nouvelle, appartenant 


au subgen. Dyschiriodes Jeannel. Par la gouttiére marginale du pronotum tres 


* i is the tribal territory east of Lake Chamo, including the Amaro Mts. Dimé 
lies eit over 100 miles to the eel near the main Omo river. Dr. R. Gestro, ae Pree 
Appendix on the Zoological Collections brought back by the survivors of Bottego's *Pe ae 
( 613-15 of the work cited below) referred to this insect as Carabophanus antinori Ges on 
thought that the specimen was probably found in the Badditu (i.e. Amaro) ppd See eater 
11,000 ft. I think it more likely to have been found somewhere in the Gughé : ig a 
themselves, the heart of which was traversed by the Expedition between May and Ju Y» omy : 
way to Dimé (Mt. Chillalo was not visited, the route lay far south of it) : see ee a e i ae 
G. Citerni, L’Omo (Seconda Spedizione. Bottego), 1899, map opposite 2 an ong ie va if ae 
pp. 199, 302, etc., and Gestro’s Appendix. Vittorio Bottego, the leader, lost his hfe during 


journey.—H vex Scort. 
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courte et cessant bien avant le pore prothoracique latéral posterieur et par la presence 
du fouet basilaire de l’élytre, cet individu fait partie d’un groupe inconnu jusqu’ a 
présent en Afrique, mais représenté 4 Madagascar par deux espéces ( lambertona Vuillet 
et vadoni Jeannel). J’hésite a décrire cette espéce nouvelle sur. un seul exemplaire, 
Vautant plus que mon excellent collégue le Professeur K. Kult de Prague prépare un 
travail d’ensemble sur les Dyschirius atricains. 


Subfam. BeMsBipiinae. 
Notaphus (Omotaphus) miatus (Schaum), subsp. tropicus Chaudoir. 

Gamo Province: Chencha, c. 8,900 ft., 30. xi. 1948, 2 ex.; Wubara, between 
Chencha and Dita, c. 8,500 ft., 3. xii. 1948, 1 ex. ; between Dita and Bonghé, c. 9,000— 
10,500 ft., 5. xii. 1948, 1 ex. 

Mt. Termaber, over 100 miles N.E. of Addis Ababa, c. 10,000 ft., x. 1945, 1 ex. 
(Dr. M. Giaquinto). 

N. mixtus est largement répandu dans toute l'Afrique tropicale et subtropicale, 
ainsi qu’& Madagascar et dans le bassin méditerranéen oriental. Plusieurs races 
géographiques en ont été separées, dont trois sont subalpines, et spéciales a l'Afrique 
Orientale : subsp. kilimanus Alluaud au Kilimandjaro, subsp. altipeta Alluaud sur 
l’Aberdare et l’Elgon, subsp. tropicus en Ethiopie, d’Addis Ababa au Galla. Grace 
a l’amabilité de Mr. E. B. Britton j’ai pu examiner quelques paratypes d’Omotaphus 
scotti, espece décrite par Netolitzky du Chillalo, & env. 10.000 ft., et non reprise sur 
le Gughé. Cette espéce est nettement différente de miztus par la microsculpture bien 
plus faible sur la téte, complétement réduite sur le pronotum et les élytres. 


Hypsipezum mus Netolitzky. 
Bembidion (Hypsipezum) mus Netolitzky, Wien. ent. Zeit., 48, 178, 1931; Ann. Mag. nat. Hist. 

(10), 19, pp. 414-5, fig., 1937. 

Gamo Provinces : all the following from Mt. Gughé, 20-21. xii. 1948 :—c. 10,500- 
11,000 ft., from base of peak on east side, 5 ex. ; from roots of fern-clumps on south- 
west slope, over 11,000 ft., 5 ex., and from decaying stems and leaves of Kniphofia 
on same slope, | ex. ; from summit of mountain, c. 12,000 ft., among roots of bushes of 
Erica arborea, 96 ex. The following are from Mt. Tola, 15-18. xii. 1948 -—c. 10,600 ft., 
under roots of ferns and damp grass-tufts, 18. xii., 9 ex; from top of mountain, 
15. xii., 11,000-12,000 ft.., from -peat-soil beneath Erica-bushes, 10 ex.; id., from 
small bog near edge of precipice on east side, 2 ex. ; td., from peat-soil beneath moss 
and grass-tufts, 4 ex.; id., beaten from fruiting inflorescences of Lobelia ryhncho- 
petalum, tex.; Also between Dita and Bonghé, 9,000-10,500 ft., 5. xii. 1948, 1 ex. 
134 ex. au total. 

Cette espéce a été décrite du Mt. Chillalo, sur une trentaine d’exemplaires recueillis 
par H. Scott en 1926, 4 10.000 et 12.000 ft., “ under burnt logs of giant heath (Erica 
arborea)”, et ‘under stones or moss beneath alpine plants”. C’est done une espece 
alpine, commune au Chillalo et au Gughé. 


Peryphus muscicola, sp. ui. 

Long. 3,5-4mm. Dessus d’un cuivreux bronzé trés brillant, avec des reflets 
verdatres sur la téte: pattes brunes de poix, les fémurs rembrunis ; antennes 
noiratres, le premier article ferrugineux ; palpes bruns de poix ; dessous noir 
métallique, trés brillant. 

Téte épaisse et convexe en arriére, les tempes tres courtes, les yeux volumineux 
mais peu saillants. Sillons frontaux larges et profonds, divergents en arriere, pro- 
longés jusqu’ au niveau de la mi-longueur de l’oeil, entamant faiblement le clypéus ; 
vertex trés bombé, pourvu de quelques points gros et espacés, le restant de la surface 
lisse, & microsculpture indistincte a un grossissement de x 100. 

Pronotum transverse, plus large que long, cordiforme ; -bord antérieur droit, les 
angles presque contre le cou et peu marqués ; largeur maximale fortement déportée en 
avant du milieu ; cdtés en courbe réguliére et fortement prononcée Jusqu’ au dernier 
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quart, ou ils se redressent en devenant fortement sinués devant les angles postérieurs 
qui sont légerement sub-aigus mais fortement pointés ; base droite au milieu, légere- 
ment relevée vers les angles, bien plus étroite que le bord antérieur ; sillon longitudinal 
median. fin, atteignant le sillon transversal antérieur qui est bien marqué ; dépressions 
basilaires trés profondes et sub-arrondies, limitées extérieurement par une carinule 
bien saillante, assez longue et sinueuse; gouttiére marginale assez profonde, mais 
etroite sur toute sa longueur. Surface lisse, pourvue de faibles ridules transversales 
sur le disque, longitudinales prés du bord anterieur, toute la base pourvue de points 
trés gros et tres profonds, le fond des dépressions étant rugueux. 

Hlytres sub-ovoides, trés faiblement élargis en arri¢re des épaules, faiblement 
convexes ; épaule arrondie mais bien marquée; striole récurrente relativement 
courte ; stries absentes mais remplacées par une rangée de points gros et profonds, 
assez rapprochés Pun de l'autre, mais séparés entre eux par la longueur d’un de ces 
points et nullement reliés par un trait méme superficiel ; seule la premiére strie 
continue jusqu’ a Vapex, les autres s’arrétant un peu avant, mais les points deviennent 
toujours bien moins profonds et moins.gros, et par conséquent plus espacés, au fur 
et a mesure qu’on dépasse la moitié de la longueur de l’élytre; cependant, ces traces de 
stries demeurent nettes jusque tout prés de l’apex, ce qui éloigne cette espéce des 
Hypsipezum ; intervalles tout a fait plans, trés brillants, 4 microsculpture aussi 
indistincte a un grossissement de x 100 que celui de la téte et du pronotum. 

Wo.amo Province: Mt. Damota, over 10,000 ft., from moss on wet rock-face of 
spring, 5. xi. 1948, 34 ex. 

Cette nouvelle espéce ne se rapproche d’aucun Peryphus africain. Par son facies 
elle rappelle un peu les Notaphus, mais les pores dorsaux du 3° intervalle sont insérés 
sur la 3° strie et les sillons frontaux sont bien ceux des Peryhpus. 


Peryphus atlanticus (Woll.) subsp» adowanus Chaudoir. 

Appis ApaBa, c. 8,100 ft., I-7. x. 1948, 1 ex., and, c. 8,000 ft., under boulders 
sunk deep in damp soil, 29. ix. 1948, 2 ex. 

_ Mr. Termaper, over 100 miles N.E. of Addis Ababa, c. 10,000 ft., under stones, 
10. x. 1945, 1 ex. (Dr. M. Giaquinto). 

Gamo Province: near EKzo, c. 9,600 ft., from bed of stream, 20-21. xi. 1948, 
4 ex; Bonghé Valley (Gughé highlands), c. 9,500—-10,000 ft., under stone in stream, 
8. xii. 1948. | ex.; Gughé highlands, between Bonghé and Algudi, 9,000—10,000 ft., 
30. xii. 1948-1. 1. 1949, 2 ex. En tout, 11 ex. 

La forme typique, fréquente aux Canaries et 4 Madere, se rencontre également en 
Andalousie ; la région méditerranéenne est peuplée par la subsp. megaspilum Walk., 
tandis que subsp. adowanus Chaud. est localisée en Abyssinie. Une autre race 
(subsp. ortst Netol.) est spéciale au Kivu. 


Sphaerotachys haemorrhoidalis Ponza. 

Gamo ProvincE: Chencha, c. 8,900 ft., beneath large boulders sunk deep in turf. 
on slope towards stream, facing N.E., 27. xi. 1948, 1 ex.; Bonghé Valley (Gughe 
highlands), ¢. 9,500—10,000 ft., sifted from humus under bamboos near waterfall, 
south side of valley, 8. xil. 1948, | ex. 

Espéce trés largement répandue dans toute la région méditerranéenne et dans 
toute Afrique ainsi qu’ 4 Madagascar. La forme typique est brune, éclaircie 
& apex des élytres ; les deux individus recueillis par Mr. Scott sont noirs, et appartien- 
nent A la var. abyssinicus Chaudoir. En 1926, Mr. Scott avait rapporteé de tres 
nombreux individus de cette espece du Chillalo. 


Tachylopha ewmorpha Alluaud, 
Lowest point between Soddu and Borodda, c. 5,000 ft., from edges of river 
flowing from west into Lake Abaya (Margherita), 18. xi. 1948, I ex. 
Espéce du Kénya, que je ne connaissais pas encore d’Ethiopie. 
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Elaphropus aethiopicus Chaudoir. 

Arussti Province : N.E. of Shashamanna, c. 6,500 ft., from peat and grit beneath 
tufts of coarse grass, 17. x. 1948, 1 ex. 

Espéce largement répandue en Abyssinie, au Kénya et dans |’Est du Congo 
Belge. Netolitzky, dans son travail sur les Bembidiinae recueillis par H. Scott en 
1926, cite cette forme sous le nom de Tachys unistriatus Putzeys var. (Ann. Mag. 
nat. Hist. (10), 19, 420, 1937.) 


Tachyura fausta Péringuey. 
Lowest point between Soddu and Borodda, c. 5,000 ft., from edges of river 
flowing from west into Lake Abaya (Margherita), 18. xi. 1948, 3 ex. 
Srpamo Province: Dilla, c. 5,100 ft., from wet grit and stones in river-bed, 
about two miles south of town, 20. i. 1949, 18 ex.; 21 ex. tout compris. 
Espéce largement répandue en Afrique Orientale, Centrale et Australe. Sur ces 
21 spécimens, 11 appartiennent a la forme typique et 10 se rapportent a la var. 
khoina Péringuey, caractérisée par la présence d’une tache jaune arrondie a Vapex 
de chaque élytre. 
Tachyura spuria Péringuey. 
Gamo Province: Chencha, c. 8,900 ft., beneath large boulders sunk deep in 
turf, on slope towards stream, facing N.E., 24. xi. 1948, 6 ex. 
Espéce d’Afrique Orientale, Centrale et Australe, qui a été redécrite sous différents 
noms (cfr. Basilewsky, 1948, Bull. Mus. Hist. nat. Belg., 24, n°. 33, p..25 et) 1952; 
Bull. (Ann.) Soc. ent. Belg., 88, 179). 


Tachyura (Amaurotachys) grandicollis Chaudoir. 

StpamMo Province: Dilla, ¢. 5,100 ft., from wet grit and stones in river-bed, 
about two miles south of town, 20. i. 1949, 1 ex. 

T'. grandicollis a une tres vaste aire de dispersion. La forme typique est connue 
d’Asie Mineure, de Syrie, du Caucase et d’Algérie. Sous le nom de nigrolimbatus 
Péringuey a désigné les individus sud-africains de cette race, et Burgeon a donné le 
nom dalberti aux exemplaires du Nord-Est du Congo Belge. Des spécimens 
semblables, mais provenant du Kénya, ont été nommés fulvipennis par Alluaud, - 
tandis que Jeannel a baptisé leptaulax ceux de Madagascar. 


Tachyphanes biplagiatus Dejean. 
Lowest point between Soddu and Borodda, c. 5,000 ft., from edges of river 
flowing from west into Lake Abaya (Margherita), 18. xi. 1938, 1 ex. 
Espéce commune en Afrique Occidentale, Centrale et Orientale. 


Subfam. Amarrnaz. 
Amara africana Putzeys. 

Mr. 'TeRMABER, over 100 miles N.E. of Addis Ababa, c. 10,000 ft., under stones, 
10. x. 1945, 2 ex. (Dr. M. Giaquinto). 

Gamo Province: the following are all from Mt. Gughé, 20-21. xii. 1948 — 
10,500-11,000 ft., from base of peak on east side, 3 ex.: over 11,000 ft., from roots 
of fern-clumps on south-west slope, 1 ex., and from decaying stems and leaves of 
Kniphofia on same slope, | ex. The following are all from Mt. Tola, 5-17. xii. 1948 -— 
from track across eastern escarpment, over 10,000 ft., 5. xii., 1 ex.; near camp, 
c. 10,600 ft., 5 ex. (including one from beneath mown thistles and other coarse 
herbage) ; top of the mountain, 11,000-12,000 ft., from peat-soil beneath bushes of 
Hrica arborea, 15. xii., 2 ex. Also, Chencha, c. 8,900 ft., 22-26. xi. 1948, 4 ex. ; 
Wubara, between Chencha and Dita, c. 8,500 ft., 2-3. xii. 1948, 1 ex.; between 
Dita and Boughé, 9,000-10,500 ft., 5. xii. 1948, 4 ex. 

WotaMo PRovINcE: Mt. Damota, c. 9,600-10,000 ft., from points 400-800 ft. 
below highest summit, 4 & 6. xi, 1948, L ex. ; Soddu, ¢. 6,800 ft.;-21.x 4) xie4s 
l ex. En tout, 26 ex. , 
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1 eek = , ’ eee . 
Cette espéce est assez répandue dans toute l’Abyssinie, mais ne semble pas 
descendre en dessous des 2.000 métres (6.500 ft.). 


Subfam. ANCHOMENINAE, 


Megalonychus shoanum Alluaud. 


AppIs ABABA : ¢. 8,000 ft., under boulders sunk deep in damp soil, 29. ix. 1948, 
1 ex. ; ad., c. 8,100 ft., in ravine below Hotel d’Itégué, 18. ix. 1948, 1 ex. 

Gamo Provincx : Chencha, c. 8,900 ft., from springs full of water-plants in valley 
N.E. of Camp, 30. xi. 1948, 7 ex.; Bonghé (Gughé highlands), c. 9,000 ft., from 
foliage of willows and flood-refuse by stream in flat valley, 29. xii. 1948, 1 ex. 

En tout 10 ex., comparés au type. 

Cette espéce a été décrite d’Addis Ababa; les exemplaires du Gughé ont les 
stries un peu plus profondes et plus fortement ponctuées, parfois plus bronzées. 
Des exemplaires furent recueillis en 1926-27 au Mt. ChillAlo (8,000 ft.) et & Debra 
Libanos (8.000 ft.) : voir L. Burgeon, Ann. Mag. nat. Hist. (10) 19, 541, 1937. 


Probatenus mus, sp. n. 

Long. 5,5-6,5mm. Aptéere. Dessus d’un noir tres brillant, un peu brundatre. 
sur les cétés du pronotum ; antennes noiratres, les trois premiers articles brun . 
foncé, ainsi que les palpes; pattes brundatres, le dessus des fémurs et des tibias 
fortement plus foncé, les tarses ferrugineux, avec l’extrémité de chaque article 
noire ; dessous noir brillant. 

Téte étroite et allongée, lisse pourvue d’une microsculpture tres fine; tempes 
fortement rétrécies, mais pas de constriction collaire a la face dorsale ; yeux volumi- 
neux et assez saillants; sillons frontaux faibles; ‘soie supra-orbitale postérieure 
légérement déportée en arriére, insérée apres le bord postérieur de l’oeil. Dent labiale 
forte et pointue. Toute la face ventrale de la téte, en arriere du mentum, est pourvue 
de fortes rides transversales. Antennes longues et fines, atteignant le tiers basilaire 
de lélytre, le premier article trés épais, le 2° trés court, le 3° un peu plus long que 
le suivant et glabre. 

Pronotum peu volumineux, nullement transverse, pas plus large que long, 
légérement trapézoidal et peu convexe, 4 largeur maximale trés fortement deportée 
en avant du milieu; bord antérieur faiblement concave, les angles antérieurs un 
peu saillants mais bien éloignés du cou; cétés élargis et arrondis en avant jusqu’ a 
la fin du premier tiers de la longueur, ensuite fortement rétrécis et rectilignes, 
jusqu’ aux angles postérieurs qui sont obtus et arrondis au sommet ; base beaucoup 
plus étroite que le bord antérieur, droite, non rebordée. Pas de pore latéral postérieur. 
Sillon longitudinal médian fin et court, n’atteignant ni la base ni le bord antérieur ; 
sillons transversaux peu. distincts; gouttiére marginale étroite en avant, bien 
qu’indiquée, et un peu élargie en arriére ; dépressions basilaires étendues et modeéré- 
ment profondes. Surface imponctuée, le disque pourvu de trés légeres rides trans- 
versales, la région de la base finement aciculée-chagrineé, la microsculpture un peu 
plus forte que celle de la téte. 

_ Elytres assez courts et sub-ovoides, la largeur maximale se trouvant apres le 
milieu, A convexité surtout marquée en arriére ; épaule arrondie et peu marquee, 
le repli basilaire entier et fortement sinué, rencontrant le repli latéral sous un angle 
tres largement arrondi; gouttiére marginale assez large ; troncature apicale faiblement 
sinuée, chaque angle sutural arrondi séparément. Pore basilaire présent, situé a 
Vorigine de la premiére strie. Striole scutellaire assez longue et oblique ;_ stries 
fines et assez profondes, 4 peine distinctement crénelées, n’atteignant pas le repli 
basilaire, la 7° se réunissant a la 1° & l’apex, la 3° a la 7° et la 5° a la 6°. Intervalles 
trés plans, & microsculpture bien distincte, consistant en éléments allongés ; 3° 
intervalle avec trois pores dorsaux. Série ombiliquée comportant une vingtaine de 
fouets, alignés sans interruption contre la 8° strie, bien que plus épars au milieu. 
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Dessous glabre et imponctué, assez brillant; proépisternes finement chagrinés ; 
apophyse prosternale acuminée au sommet; métépisternes allongés, peu rétrécis 
enarriere. Pattes longues, 4 fémurs renflés ; tarses gréles et longs, les deux premiers 
articles des postérieurs bisillonnés a la face supérieure, la 4° de toutes les paires court 
et simple, le 5° setulé en dessous. 

Gamo Province: the following are from Mt. Tola (Gughé highlands) :—near 
camp, c. 10,600 ft., 10-17. xii. 1948, 15 ex. (including two found under mown thistles 
and other coarse herbage, and eleven, including the holotype, from humus under 
bushes near a spring, 11. xii). Also Chencha, c. 8,900 ft., 27. xi. 1928, 2 ex. ; between 
Dita and Bonghé, c. 9,000-10,500 ft., 5. xii. 1948, 1 ex. 

Soit 18 exemplaires. 

En outres, deux individus trés semblables & ceux énumérés, mais ayant les 
élytres et le pronotum d’un ferrugineux clair et la téte noire, proviennent d’Addis 
Ababa, ‘c. 8,000 ft., under boulders sunk deep in damp soil, 29. ix. 1948’. S’agit-il 
d’une variété ou de simples immatures ? 


Metagonum luctuosum Reiche. 


Wotamo Province : Soddu, c. 6,800 ft., 21. x-14. xi. 1948, 1 ex. 
Espéee commune en Ethiopie, en Erythrée et au Kénya. 


Metagonum dacryodes, sp. n. 


Long. 9,5-10,5mm. Aptére. Dessus noir de poix, avant corps plus foncé, 
les cétés du pronotum brunatres, suture et cotés de l’élytre bruns de poix ; antennes 
noiratres, le premier article et la base du 3° ferrugineux ; pattes brunes de poix, 
foncées, presque noires, les tarses d’un ferrugineux testacé, ainsi que les palpes ; 
dessous non brillant. 

Téte forte et allongée, les tempes rétrécies mais sans constriction collaire a la face 
dorsale ; yeux modérément saillants: soie supra-orbitale insérée normalement. 
Surface lisse, & microsculpture faible, surtout sur le front. Dent labiale forte et 
aigie. Antennes longues, dépassant le tiers basilaire de Pélytre, pubescentes & 
partir du 4° article ; 1° article épais, 2° court, 3° A peu pres de méme longueur que 
le suivant. 

Pronotum 4 peu prés aussi long que large, non convexe, A largeur maximale 
a peine déportée en avant du milieu; bord antérieur échancré, les angles antérieurs 
fortement saillants en lobes, mais éloignés du'cou; cdtés faiblement élargis arrondis, 
ensuite rétrécis en ligne presque droite jusqu’ aux angles postérieurs qui sont 
largement arrondis ; soie prothoracique latérale postérieure insérée normalement, 
un peu en avant des angles; base plus étroite que le bord antérieur, faiblement 
sinuée, non rebordée. Sillon longitudinal médian long et bien marqué;  sillons 
transverses indistincts; dépressions basilaires bien marquées et sub-arrondies : 
gouttiére marginale large et explanée, surtout en arriére, ot les cétés sont fortement 
relevés. Le disque est pourvu de légéres ridules transversales peu marquées, tandis 
que toute la base est fortement ponctuée-rugueuse, la ponctuation remontant le 
long des cétés. 

Elytres allongés et faiblement ovoides, A epaule arrondie et peu marquée, a cdtés 
élargis Jusqu’ au milieu, trés plans ; repli basilaire entier, fortement sinue, rencontrant 
le repli latéral sous un angle trés arrondi; gouttidre marginale large et profonde, 
les cdtés relevés sur toute la longueur ; troncature apicale nettement sinuée, l’angle 
sutural faiblement anguleux. Pore basilaire inséré & Porigine de la 1¢ strie : striole 
scutellaire longue et droite ; stries profondes, A crénulation trés peu apparente plus 
au moins pairées 4 l’extrémité. Intervalles A peine bombés, presque plans a 
microsculpture tres forte, consistant en éléments carrés ou rectangulaires rendant 
tout l’élytre trés mat. Série ombiliquée formée de 20 fouets alignés contre la 8° strie. 
apophiyse prostrnalo atuminge au sontier sere eterace nement cheering 

j : : pas plus longs que larges, 
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presque transverses. Pattes longues et gréles, tous les articles des tarses fortement 
bisillonnés a la face supérieure, le 4° now lobé, le 5° sétulé en dessous. Le male a les 
trois premiers articles des protarses fortement dilatés. 

Wotamo PrRovINcE: south face of Mt. Damota, c. 9,600 ft., 6. xi. 1948, 2 ex. 
dont Vholotype. 


Gamo Province: Bonghé Valley (Gughé highlands), c. 9,500-10,000  ft., 
8. xii. 1948, 1 ex. 


Gen. CaLatHus Bonelli. 


Mr. Hugh Scott a rapporté du Gughé une intéréssante série de Calathus, a 
laquelle sont venus se joindre d’autres exemplaires, recueillis par le Marquis 8. 
Patrizi sur le Chillalo et aux environs d’Addis Ababa et aimablement communiqués 
par mon ami 8. L. Straneo. Grace a Vobligeance du Dr. R. Jeannel et de Mr. G. 
Colas, du Muséum de Paris, j’ai pu étudier les Calathus de la collection Alluaud, 
conservée au Muséum, qui contient presque toutes les espéces connues, le plus 
souvent en spécimens typiques ou paratypiques. 

Je donne ci-dessous le relevé des espéces du British Museum et de la collection 
Patrizi, ainsi que les descriptions des especes nouvelles, et pour terminer, un 
tableau dichotomique des formes africaines. Comme on le sait, le genre Calathus, 
dorigine purement paléarctique, n’est représenté en Afrique que par quelques 
especes, refugiées sur les hautes altitudes de |’Abyssinie. Aucun représentant n’est 
connu ni du Kénya, ni de l’Elgon, ni du Kilimandjaro. 


Calathus trapezicollis Alluaud. (Fig. 2.) 

Mr. CarmaAxo, 3,600 m. (11,800 ft.), 26. iv. 1938, 1 ex., (S. Patrizi, in coll. Patrizi) ; 
Reg. Aselle, pend. Mt. Chillalo, env. 2,600 m. (8,600 ft.), 20-27. iv. 1938, 1 ex. (in 
coll. Patrizi). 

Cette espéce a été décrite par Alluaud (Ann. Mag. nat. Hist. (10), 19, 280, 
1937) sur quelques exemplaires recueillis par Mr. Scott en 1926 sur le Chillalo ; les 
deux individus ci-dessus sont identiques. Par contre, Mr. H. Scott a découvert 
sur le massif du Gughé trois femelles que je rapporte également a cette espéce, bien 
qu’elles soient de taille un peu plus grande et aient les épaules un peu plus effacées. 
L’absence des males m’empéche d’étre affirmatif a ce sujet. 

Gamo Province: between Dita and Bonghé, c. 9,000-10,500 ft., 5. xi. 1948, 
1 ex.; Mt. Tola (Gughé highlands), c. 10,600 ft., under mown thistles and coarse 
herbage, 16-17. xi. 1948,.1 ex., and from humus under bushes near spring, 
Mea L944 S lex. 

Calathus scottianus, sp.n. (Fig. 3.) 

Long. 7-8,5mm.—Dessus d’un roux ferrugineux brillant, plus clair sur le 
pronotum, plus foncé sur la téte ; dessous ferrugineux testacé ; antennes testacées, 
le premier article plus clair; pattes testacées. Antennes trés longues, atteignant 
presque la moitié de la longueur des élytres. Pronotum non transversal, a peu 
pres aussi long que large, a largeur maximale trés fortement déportée en avant 
du milieu ; angles antérieurs effacés ; cdtés arrondis en avant, ensuite tres fortement 
rétrécis et rectilignes jusqu’ & la base, qui est beaucoup plus étroite que le bord 
antérieur, nettement relevés en arriére ; angles postérieurs trés largement ouverts 
et arrondis. Elytres trés ovoides, peu convexes et aplanis sur le disque, bien plus 
rétrécis en avant qu’en arriére, les épaules trés effacées ; stries trés superficielles, 
intervalles tout a fait plans. Quatre pores dorsaux sur le 3° intervalle. Micro- 
sculpture des élytres trés réduite et semblable chez les deux sexes, ce qui rend les 
intervalles aussi brillants’chez le male que chez la femelle. Edéage fig. 3. 

Gamo Province: top of Mt. Tola, 11,000-12,000 ft., 15. xii. 1948, beaten from 
fruiting inforescence of Lobelia rhynchopetalum, 12 ex. (dont Vholotype et Vallotype) ; 
same place and date, from peat-soil beneath Erica-bushes, 3 ex. Quinze exemplaires, 
dont 12 ¢ et 3 &. 
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Calathus gughéensis, sp.n. (Fig. 5.) 

Long. 6,5-8mm. Dessus d’un brun rougedtre foncé, les bords du pronotum 
et des élytres étroitement roussdtres, ces derniers faiblement irisés; dessous 
ferrugineux, l’abdomen rembruni; pattes testacées; antennes brunes, les deux 
premiers articles ferrugineux. Antennes ne dépassant pas le tiers basilaire de l’élytre. 
Pronotum non ou a peine transversal, mais nettement plus large que long, a largeur 
maximale nettement déportée en avant du milieu ; angles antérieurs bien marqués 
et peu arrondis, éloignés du cou ; cétés élargis en avant en une courbe peu prononcée, 
ensuite rétrécis en ligne trés faiblement sinuée jusqu’ A la base qui est nettement 
plus étroite que le bord antérieur ; angles postérieurs largement ouverts et arrondis. 
Klytres plus courts, faiblement ovoides, pas plus rétrécis en avant qu’en arriére, les 
épaules bien marquées; stries un peu mieux marquées. Trois a quatre pores 
dorsaux sur le 3° intervalle. Microsculpture des élytres trés réduite et semblable 
chez les deux sexes, qui sont trés brillants. Edéage fig. 5. 

Gamo Provincz : the following are from Mt. Gughé, 20-21. xii. 1948 :—c. 10,500-— 
11,000 ft., from base of peak on east side, 1 ex.; over 11,000 ft., among decaying 
stems and leaves of Kniphofia on south-west slope, 1 ex.; summit of mountain, 
c. 12,000 ft., from roots of bushes of Hrica arborea, 1 ex. The following are from the 
top of Mt. Tola, 11,000-12,000 ft., 15. xii. 1948 :—beaten from fruiting inflorescence 
of Lobelia rhynchopetalum, 8 ex. (including the holotype) ; from peat-soil beneath 
bushes of Erica arborea, 5 ex. (including the allotype). 

Seize exemplaires, dont 11 3 et 5 9. 


Calathus scotti Alluaud. 
Arussi ProvincE, vetta Mt. Chillalo, iv. 1938, 1 2 (S. Patrizi). 
Mr. H. Scott a recueilli cette espéce en 1926 sur le Chillalo, entre 12.000 et 
13.000 ft. (voir Alluaud, Ann. Mag. nat. Hist. (10), 19, 276, 1937). 


Calathus aethiops Alluaud. 

Wotamo Province: Mt. Damota, c. 9,600-10,000 ft., from points 400-800 ft. 
below highest summit, 4 & 6. xi. 1948, 1 ¢. 

_Espéce décrite (Ann. Mag. nat. Hist. (10), 19, 276, 1937) sur une nombreuse 
série d’exemplaires recueillis par MM. Scott et Omer-Cooper sur le Mt. Zuquala, 
entre 9.000 et presque 10.000 ft. Elle n’a été retrouvée ni sur le Chillalo, ni sur le 
Gughé. 

Calathus aethiopicus Alluaud. (Fig. 7.) 

Environs d’Addis Ababa, vii. 1938, 1 $ (S. Patrizi, in coll. Patrizi). 


Scio, Mt. Termaber, 2 2 (Dr. M. Giaquinto, in coll. Patrizi). Cette espece fut 
décrite aussi du Mt. Zuquala. 


Calathus patrizii, sp.n. (Fig. 6.) 

Long. 8,5-10 mm. Dessus d’un brun de poix foncé, le pronotum un peu plus 
clair, surtout latéralement ; dessous brun de poix ; pattes et antennes ferrugineuses. 
Pronotum non transverse, presque aussi long que large, 4 largeur maximale non ou 
a peine déportée en avant du milieu, les c6tés faiblement arrondis en avant, ensuite 
legerement: rétrécis en ligne droite jusqu’ a la base qui est de méme largeur que le 
bord antérieur ; angles antérieurs trés arrondis et effacés ; angles postérieurs peu 
ouverts et peu arrondis, nettement marqués. LElytres ovoides et assez convexes 
non. aplanis sur le disque, pas plus rétrécis en avant qu’en arriére, les épaules fortement 
marquées ; stries entiéres et étroites mais profondes, les externes moins marquées 
que les internes ; intervalles trés faiblement bombés. Microsculpture élytrale faible 
chez les males qui sont trés brillants, forte chez les femelles qui sont mattes et opaques 
Quatre pores dorsaux sur le 3¢ intervalle. Edéage fig. 6. 


- ae Addis Ababa, vii. 1938, 21 ex., dont 14g et 7 9 (8, Patrizi, in coll. 
fatriZl). 
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bg Calathus parvicollis Fairmaire. 
if Pieaaas ee fe ft.), pres du sommet, 16. iv. 1938, 1 ex. (S. Patrizi 
in coll. . ; Aselle, sur le versant occidental du Mt. Chillalo, 2.6 
20-27, iv. 1938, 1 ex. (S. Patrizi). Pastis ongoe i pesebeacae an, whe 


Frias. 2 & 7..déages des espéces de Calathus. 
3. C. scottianus, sp. n.; 4. C. shoanus Alluaud ; 5. C. gughéensis, 
sp. n.; 6. C. patrizi, sp. n.; 7. C. aethiopicus Alluaud ; tous x 32. 


2. CO. trapezicollis Alluaud ; 


Calathus sp. apud theodort Ancey. 
Mr. TermMaBeER, i. 1945, 1 g (Dr. M. Giaquinto). 
Bien que trés voisin de C. theodori, dont j’ai pu étudier le type dans la Collection 
Alluaud, cet exemplaire est bien plus petit (9 mm.) et a les élytres beaucoup plus 


convexes. 
Tableau des espéces africaines de Calathus. 


1. (20). Pronotum toujours rétréci vers larriére, parfois trés 
fortement, la base de méme largeur ou plus étroite, 
jamais plus large que le bord antérieur, bien plus 
étroite que celle des élytres, les angles postérieurs plus 
ou moins obtus et arrondis. 


or 


10: 
Ue 


13. 


14, 


16, 


Wis 
18. 


19. 
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. Cétés du pronotum bien plus fortement rétrécis vers 


l’arriére que vers l’avant, la base bien plus étroite que 


-le bord antérieur, la largeur maximale fortement 


déportée en avant du milieu. 


. Microsculpture des élytres trés différente suivant les 


sexes, celle des g¢ trés peu distincte, ce qui rend 
lintervalle brillant, celle des femelles trés forte, 
rendant tout l’élytre mat et opaque. Pronotum trés 
allongé, pas plus long que large, les angles postérieurs 
largement ouverts. Stries peu profondes mais entiére- 
ment marqueés. EHdéage figs. 2, 6. 5-7 mm. Mt. 
Chillalo. 


. Microsculpture des élytres réduite chez les deux sexes 


qui ont les élytres trés brillants. 


. Elytres bien plus rétrécis en avant qu’en arriére, les 


épaules trés effacées; stries superficielles et & peine 
indiquées. Pronotum aussi long que large, les cétés 
nettement relevés en arriére. Edéage fig. 3. 7—8,5 mm. 
INGCSs Gulbis, ccceters Teme eee, egies atts, slitinto ae Beers 


. Elytres pas plus rétrécis en avant qu’en arriére, les 


épaules bien marquées; stries des élytres mieux 
marquées. Pronotum nettement plus large que long, 
les cétés non ou a peine relevés en arriére. 


. Intervalle 3 des élytres avec 6 a 8 pores dorsaux peu 


profonds. Disque des élytres non aplani; stries plus 
fortement marquées. Edéage fig. 4. 6,5 mm. En- 
VALOTIS Ty Ac GismAlog bam anton asieiarde tee eerie sic 


. Intervalle 3 des élytres avee 3 4 4 pores dorsaux trés 


profonds. Disque des élytres plus ou moins fortement 
aplani; stries moins fortement marquées. Gouttiére 
marginale du pronotum plus profonde et plus explanée 
en arriére. Hdéage fig. 5. 6,5-8mm. Mt. Gughé 


. Cétés du pronotum non ou a peine plus fortement 


rétrécis en arriére qu’en avant, mais le plus souvent 
en courbe plus ou moins réguliére sur toute leur étendue, 
la base de méme largeur que le bord antérieur, la 
largeur maximale située plus ou moins au milieu. 


. Taille plus grande. (8,5-10 mm.) 
2). Pronotum nettement transversal, bien plus long que 


large ; angles postérieurs bien moins ouverts et moins 
arrondis, mieux marqués. Femelles aussi brillantes 
que les males. 9,5-10mm. Mt. Chillalo............ 


- Pronotum non transverse, non ou a peine plus large 


que long ; angles postérieurs bien plus arrondis et plus 
ouverts, trés peu marqués. 


. Elytres aussi brillants chez les deux sexes par suite de 


la microsculpture pas plus développée chez les femelles 
que chez les males. 8,5-10 mm. Mt. Zuquala....... 


. Elytres des femelles mats et opaques par suite de la 


microsculpture des intervalles plus développée chez ce 
sexe que chez les males. 


. Cétés du pronotum en courbe réguliére sur toute son 


étendue, aussi arqués en arriére qu’en avant; angles 
postérieurs largement ouverts et fortement arrondis. 
Hdéage fig. 7. 9-10mmi. Environs d’Addis Ababa .. 


. Cétés du pronotum en courbe faiblement prononcée 


en avant, ensuite rétrécis en ligne droite .jusqu’ aux 
angles postérieurs qui sont beaucoup moins ouverts et 
moins arrondis, bien mieux marqués. Edéage fig. 6. 
8,5-10mm. Hnvirons d’Addis Ababa............... 


- Taille plus petite. (7-8 mm.) 
. Cotés du pronotum en courbe réguliére aussi bien en 


avant qu’en arriére, les angles postérieurs plus ouverts 
et plus largement arrondis. 7-8 mm. Mt. Chillalo... 


. Cétés du pronotum peu arqués en arriére alors qu’en 


avant ils sont plus nettement courbés que chez l’espéce 
précédente ; angles postérieurs moins ouverts et moins 
arrondis, mieux marqués. 7,5mm. Environs d’Addis 
ADabDG, inagir cn ccuae trie ee een 


1. C. trapezicollis Alluaud. 


2. C. scottianus, sp. n. 


3. C. shoanus Alluaud. 


Y 


ie 
Q 


- gughéensis, sp. n. 


5. C. scottt Alluaud. 


6. C. aethiops Alluaud. 


7. C. aethiopicus Alluaud. 


8. OC. patrizii, sp. n. 


9. C. montanus Alluaud. 


10, C. parvicollis Fairmaire, 
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20. (1). Pronotum non rétréci vers l’arriére, la base toujours 
plus large que le bord antérieur, plus ou moins de 
pe largeur que celle des élytres, les angles postérieurs 

roits. 

21. (26). Cétés du pronotum nullement sinués devant les angles 
postérieurs. Taille plus faible. (7-9 mm.) 

22. (25). Epaules munies d’un petit denticule saillant, formé 
par la rencontre anguleuse des replis basilaire et latéral 
de l’élytre. 

23. (24). Pronotum trés transversal, A largeur maximale située 
a la base, avec les angles postérieurs Iégérement obtus, 
arrondis au sommet. LElytres ovalaires, faiblement 
striées. Males et femelles brillants. 8-9 mm....... 11. 

24, (23). Pronotum moins transversal, de méme largeur au 

milieu qu’en arriére, les angles postérieurs presque 

droits, a peine obtus et seulement un peu arrondis au 
sommet. Elytres légérement ovoides, a stries mieux 

marquées. Males et femelles brillants. 7—7,5 mm. 

MEGS C ieee Pewee ces sokeca one tera the Oe cet eres es 12. C. oreobius Alluaud. 

Epaule simplement arrondie. Forme large et obése. . 

Pronotum trés transversal, avec les angles postérieurs 

droits et pointus. 8-9 mm. Choa [Shoa]........... 13. C. orthomoides Alluaud. 

26. (21). Pronotum subcordiforme, les cétés nettement sinués 
devant les angles postérieures, oti ils sont fortement 
relevés. Femelles opaques et mates. 11-11,5 mm... 14. C. theodori Ancey. 


a 


Qa 


. vagestriatus Fairmaire. 


bo 
ou 
— 
bo 
bo 
— 


Subfam. HARPALINAE, 


Pseudohyparpalus angustupennis Putzeys. 
Gamo Province: Chencha, c. 8,900 ft., 1-2. xii. 1948, 2 ex. ; between Dita and 
Bonghé, c. 9,000-10,500 ft., 5. xii. 1948, 1 ex.; Mt. Tola (Gughé highlands), 
c. 10,600 ft., from humus under bushes near spring, 11. xii. 1948, 1 ex. 


Platymetopus obscuripes Chaudoir. 


Gamo Province : Wubara, between Chencha and Dita, c. 8,500 ft., 2-3. xii. 1948, 
1 ex.; near Ezo, c. 9,600 ft., 20-21. xi. 1948, 2 ex. 


Neosiopelus melancholicus Boheman. 
Arusst Province: N.E. of Shashamanna, c. 6,500 ft., 17. x. 1948, I ex. 


‘ Africobatus harpaloides Guérin. 
Wo.uamMo Province: Soddu, c. 6,800 ft., 21. x.—-4. xi. 1948, 1 ex. 


Harpalus inconcinnus Chaudoir. 

; Gamo Province: Bonghé Valley, Gughé highlands, c. 9,500-10,000_ ft., 
8. xii. 1948, 1 ex.; Wubara, between Chencha and Dita, c. 8,500 ft., 2-3. xii. 1948, 
Tex. 

Harpalus impressus Roth. 
Mr. TeRMABER, over 100 miles N.E. of Addis Ababa, c. 10,000 ft., under stones, 
10. x. 1945, 1 ex. (Dr. M. Giaquinto). 

Gamo Province: top of Mt. Tola, 11,000-12,000 ft., from small bog near edge 

of precipice on east side, 15. xii. 1948, 2 ex.; near-Hzo, c. 9,600 ft., 20-21. xi. 1948, 

a Omostropus palangoides Reiche. 

Lowest point between Soddu and Borodda, c. 5,000 ft., from edges of river 
flowing from west into Lake Margherita, 18. xi. 1948, 1 ex. 


Acupalpus djem-djemensis Basilewsky. 
Appis ABABA, c. 8,000 ft., under boulders sunk deep in damp soil, 29. ix. 1948, I ex. 


Contrairement aux deux espéces suivantes, les Harpalinae cités plus hauts ne 
sont nullement endémiques mais largement répandus dans toute | Abyssinie au moins, 


y) 
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Gen. GuGHHORITES Basilewsky. 


Aptére. Dessus glabre. Corps large et trapu, trés convexe. ‘Téte large et 
courte, trés convexe en arriére ; sillons fronto-oculaires profonds et entiers, reunissant 
le bord externe de l’oeil & la suture clypéale, qui est fine mais bien marquée, le clypéus 
convexe. Labre long, a bord antérieur droit. Mandibules fortes et acerees. Palpes 
longs et minces, le dernier article fortement gonflé au milieu, terminé en une longue 
pointe acérée, pubescents ; labiaux dichétes. Dent labiale forte et aigiie. Antennes 
courtes et épaisses, moniliformes, les articles 6 4 10 transverses, le 11 allongé ; 
pubescentes a parti du 3° article, qui est un peu plus long que le suivant. 

Pronotum non transverse, les cétés sinués en arriére, les angles postérieurs droits. 
Elytres ovoides et trés convexes, le repli basilaire légerement anguleux a |’épaule ; 
striole scutellaire absente. Pattes robustes, les articles des tarses tres larges, le 
premier des tarses postérieurs court, 4 peine plus long que le suivant. Abdomen 
pubescent. 

Une seule soie supra-orbitale et une soie clypéale. Une soie prothoracique 
latérale, insérée en avant du milieu ; pore basilaire de l’élytre inséré a l’origine de 
la 3° strie; pas de pores dorsaux distincts sur le 3° intervalle. Série ombiliquée 
formée de deux groupes de fouets ; groupe huméral avec 6 fouets, le 6° trés éloigné 
du 5°; groupe pré-apical avec 8 fouets en série continue et ininterrompue. 

Edéage court et épais, 4 bulbe basal volumineux, 4 partie médiane renflée ; 
partie apicale épaisse et peu effilée, la partie dorsale largement ouverte. 

Génotype : Gugheorites scotti, sp. n. 

Par la conformation de la série ombiliquée, Gugheorites doit se placer prés 
VAcupalpus et genres voisins. I différe fortement de ces genres par l’absence de 
la striole scutellaire, par le premier article des tarses postérieurs large et court, A 
peine plus long que le suivant, par les antennes courtes et épaisses, 4 articles 6A 10 
transverses, nettement plus larges que longs et enfin, par la dent labiale présente. 


Gugheorites scotti Basilewsky. (Figs. 8, 9.) 

Long. 2,7-3 mm. Dessus noir de poix brillant, les bords du pronotum et des 
élytres éclaircis, ainsi que l’apex et un peu la suture de ces derniers ; pattes et 
antennes d’un testacé trés pale ; dessous brun de poix. 

Téte large et courte, lisse, le cou trés convexe, les tempes non rétrécies, les yeux 
peu saillants ; sillons fronto-oculaires bien marqués et entiers, un peu prolongés 
sur le clypéus. Pronotum peu transverse, & peine plus large que long, & convexité 
forte en avant ; bord antérieur droit, les angles antérieurs effacés ; cdtés faiblement 
élargis, légerement arrondis en avant jusqu’ & la largeur maximale qui est nettement 
déportée en avant du milieu, ensuite rétrécis en ligne faiblement sinuée devant les 
angles postérieurs qui sont droits, arrondis a l’extréme sommet ; base A peu pres de 
méme largeur que le bord antérieur, trés faiblement convexe, faiblement rebordée : 
sillon longitudinal médian fin mais long ; dépressions basilaires assez étendues mais 
superficielles et trés faiblement marquées; gouttiére marginale tres étroite sur 
toute sa longueur ; surface lisse, la partie postérieure parsemée de points gros mais 
trés épars, un peu plus serrés prés de la base. Elytres ovoides et courts, trés convexes, 
la déclivité apicale trés tombante ; repli basilaire trés légerement denté a l’épaule ; 
cétés élargis apres l’épaule, la largeur maximale situé apres le milieu. Pore basilaire 
a Vorigine de la 2° strie; striole scutellaire absente; stries fines et peu profondes, 
lisses, n’atteignant pas le repli basilaire; intervalles plans, & microsculpture 
extrémement fine et peu distincte, le 3° sans pores dorsaux. Abdomen finement 
mais densément pubescent de blanchatre. Prosternum A pubescence brune, 
l'apophyse avec une touffe de soies & son extrémité. Edéage fig. 8. 

Gamo Province: Mt. Gughé, c. 10,500-11,000 ft., from base of peak on east 
side, 20-21. xii. 1948, 1 ex.: id., over 11,000 ft., on south-west slope, from roots of 
fern-clumps, 9 ex., and among decaying stems and leaves of Kniphofia, 2 ex.; summit 
of Mt. Gughé, c. 12,000 ft., from roots of bushes of Erica arborea, 21. xii., 4 ex. 
Mt. Tola, c. 10,600 ft., from humus under bushes near spring, 11, xii, 1948, 1 ex, ; 
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Fig. 8.—Gugheorites scotti Basilewsky ; édéage, x 200. 


sky. 


Fic. 9.—Gugheorites scotti Basilew 
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id., c. 10,600 ft., under roots of ferns and damp grass-tufts, 18. xii. 1948, 4 ex. 
(including the holotype); top of Mt. Tola, 11,000-12,000 ft., 15. Xil. 1948, from peat- 
soil beneath bushes of Erica arborea, 1 ex., and from similar soil beneath moss and 
grass-tufts, 2 ex. Between Dita and Bonghé, c. 9,000-10,500 ft., 5. xii. 1948, 1 ex. 
25 exemplaires. wes ; 
Le genre et son génotype ont deja été décrits dans ma Révision des Harpalinae 
(25. L951, p.. 256). 


Kenyacus scotti Basilewsky. 
Basilewsky, Mém. Soc, ent. Belge, 25, 80, 1948; Rév. Harpalinae, 2, 231, 1952. 

GAMO Province: Gughé highlands, Bonghé, c. 9,000 ft., from humus under 
bamboos at edge of flat valley, 29. xii. 1948, 2 ex. ; id., 9,500-10,000 ft., sifted from 
humus under bamboos near waterfall on south side of valley, 8. xii. 1948 3 ex. 
Mt. Gughé, 20-21. xii. 1948, c. 10,500—11,000 ft., from base of peak on east side, 5 ex. ; 
id., over 11,000 ft., on south-west slope, among decaying stems and leaves of Kniphofia, 
1 ex., and from roots of fern-clumps, 15 ex.; summit of Mt. Gughé, c. 12,000 it., from 
roots of bushes of Erica arborea, 10 ex. Mt. Tola, c. 10,600 ft., close to spring near 
camp, 10-14. xii. 1948, 2 ex., under roots of ferns and damp grass-tufts, 18. xii. , 
32 ex., and from humus under bushes near spring, 11. xii., 4 ex. Top of Mt. Tola, 
11,000-12,000 ft., 15. xii. 1948, from small bog near edge of precipice on east side, 
2 ex. and from peat-soil beneath moss and grass-tufts, 5 ex. Wubara, between 
Chencha and Dita, c. 8,500 ft., from humus under bamboos, 3. xii. 1948, 12 ex. 

J’ai décrit cette espéce sur un seul exemplaire, recueilli par Mr. H. Scott en 
1926 sur le Mt. Chillalo, 4 9.000 ft. d’altitude. Sa découverte en nombre (93 ex. en 
tout) sur le Gughé confirme l’extension du genre vers le Nord. 


Subfam. C'ALLISTINAE. 


Stenodinodes caecus Dejean. 

Wo.amo Province : Soddu, c. 6.800 ft., 1-15. xi. 1948, 1 ex. 

Espéce & vaste répartition, du Sénégal a l’Erythrée, différant de toutes les formes 
voisines par la ponctuation grosse et éparse du pronotum et surtout des intervalles 
des élytres. 

Chlaemtes (Chlaeniostenus) cupripennis Chaudoir. 

Gamo Province : Chencha, c. 8,900 ft., 1-2. xii. 1948, 8 ex. ; Mt. Tola, c. 10,600 ft., 
10-14. xii. 1948, 1 ex. 

Cette espéce est assez fréquente en Ethiopie ; une race, subsp. kivuanus Basilewsky, 
se rencontre dans la partie orientale du Congo Belge et en différe par une sculpture 
autre du pronotum et une coloration un peu différente. C. scotti Alluaud (Ann. 
Mag. nat. Hist. (10), 19, 282, 1937), décrit sur deux exemplaires recueillis par H. Scott 
dans la forét de Djem-Djem, et dont j’ai vu un spécimen dans la collection Alluaud, 
n’est quwune simple variante de coloration de C. cupripennis et doit étre considéré 
comme synonyme. 


Chiaenites (Chlaeniostenus) amauropterus Chaudoir, 
Wotamo Province: hills of Umbo (or Humbo), c¢. 5,500 ft., from edge of a 
spring, 17. xi. 1948, 2 ex. 
Kspece commune dans tout le Nord-Est de l'Afrique. Mr. Scott en a capturé 


de nombreux individus en 1926 dans la vallée du Muger (voir Alluaud, Ann. Mag. 
nat. Host. (10), 19, 283, 1937). 


Chlaenites (Chlaenitidius) latipennis Sternberg. 
Gamo ProvincE: Chencha, c. 8,900 ft., 22-26. xi. 1948, 2 ex., et 1-2. xii. 1948, 
a ex. ‘ 
Forme largement répandue en Ethiopie, en Krythrée et au Kénya, qui n’est 
peut-etre qu’une race de C. subsulcatus Dejean d’Egypte. 
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Chlaenites (Chlaenitidius) persimilis Chaudoir. 
- Woxtamo Province: Soddu, c. 6,800 ft., Menelik’s Hill, outskirts of Soddu, 
pes 94'S. jeex: 
GAMO PROVINCE : Ghidolé, south of Lake Chamo, c. 5,000 ft., 4-8. i. 1949, 6 ex. 
Espece bien connue d’Kthiopie et d’Erythrée. 


Chlaenites (Chlaenitidius) episcopalis Dejean. 
Wotamo Province: Soddu, c. 6,800 ft., Menelik’s Hill, on western outskirts of 
the town, 1. xi. 1948, 2 ex. 
Gamo Province: Ghidolé, south of Lake Chamo, c. 5,000 ft., 4-8. 1. 1949, 1 ex. 
Espéce d’Ethiopie et d’Erythrée, trés voisine de C. columbinus Dej. de 1 Afrique 
Occidentale. 


Leptochlaenius garamulatanus Sternberg. 
Gamo PrRoviINcE: Chencha, c. 8,900 ft., 22-26. xi. 1948, 7 ex.; Mt. Tola, over 
10,000 ft., from track across precipitous eastern escarpment, 5. xii. 1948, 1 ex. 
Espéce connue seulement d’Ethiopie et assez variable quant A la coloration. 
Elle est toujours rare, et je pense qu’elle ne se rencontre qu’ & une certaine altitude. 


Leptochlaenius varians Chaudoir, subsp. 

WotaMo Province: Mt. Damota, over 10,000 ft., from grassy slopes on summit 
and near spring. 

Ce seul exemplaire de L. varians (espece décrite originairement du Harrar), 
différe par absence de taches jaunes sur les élytres et tout le dessus vert-bleuatre ; 
le pronotum est moins transverse et les élytres plus élargis en arriere, fortement 
arrondis a l’apex. 


Subfam. LICININAE. 


Zargochilus scottt Alluaud. 

Gamo Province: Mt. Gughé, over 11,000 ft., from roots of fern-clumps on south- 
west slope, 21. xii. 1948, 1 ex. Mt. Tola, the following from near camp, c. 10,600 ft., 
10-17. xii. 1948 :—10-14. xii., 1 ex.; from humus under bushes near spring, 
11. xii., 1 ex.; under mown thistles and coarse herbage, 16-17. xii., 2 ex.; also 
top of Mt. Tola, 11,000-12,000 ft., from peat-soil beneath bushes of Hrica arborea, 
15. xii. 1948, 2 ex. Between Wubara and Dita, c. 8,500-10,000 ft., from open grassy 
hillside, 4. xii. 1948, 1 ex. 

Cette espéce a été recueillie par H. Scott en xi. 1926, en un seul exemplaire, sur 
le Mt. Chillalo, & 10.000 ft., ‘ under burnt logs of giant heath’, et décrite par Alluaud 
(Ann. Mag. nat. Hist. (10), 19, 281, 1937). Les huit exemplaires rapportés 
maintenant des hauteurs du Gughé constituent une découverte particulierement 
intéressante ; leur taille varie de 6 4 7 mm., et les élytres sont pourvus d’une légére | 
irisation. 

Subfam, PawA@4EINAE. 


Tefflus (Archotefflus) raffrayt (Chaudoir), subsp. gallanus Kolbe. 
Wotamo Province: spur of Mt. Damota, over 8,000 ft., 28. x. 1948, I ex. 
Forme rare, spéciale 4 l’Ethiopie méridionale. 


Subfam. LzBIINAE. 


Philorhizus figuratus Chaudoir. 
Apprs ABABA, ¢. 8,000 ft., under boulders sunk deep in damp soil, 29. ix. 1948, 


: Rees a. c. 8,200 ft., on ground-sheet of tent, at evening, 18-19. xi. 1948, 7 ex. 


Gamo Province: Chencha, ¢. 8,900 ft., in loose soil thrown up by rodents, 
fae xa bO43™ Ieex, 
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Microlestes capensis Motschulsky. 

Appis ABABA: ¢. 8,000 ft., under boulders sunk deep in damp soil, 29. ix. 1948, 
1 ex. 

Wotamo Province: the following are from Mt. Damota :—on a detached spur, 
over 8,000 ft., from peat-soil under boulders sunk in turf, 28. x. 1948, 4 ex.; from 
grassy summit, over 10,000 ft., in loose soil thrown up by rodents, 5. xi. 1948, 5 ex. 
Soddu, c. 6,800 ft., 21-25. x. 1948, 2 ex. 

Boroppa : ¢. 8,200 ft:, on ground-sheet of tent, at evening ,18-19. xi. 1949, 1 ex. 

Gamo Province: Chencha, c. 8,900 ft., 29, xi. 1948, 5 ex., and 27. xi. 1948, 
6 ex. from beneath large boulders sunk deep in turf, on slope towards stream, facing 
N.E. Bonghé (Gughé highlands), c. 9,000 ft., from foliage of willows and flood- 
refuse by stream in flat valley, 29. xii. 1948, 4 ex. 

Espéce largement répandue dans toute |’Afrique Orientale et Australe. 


Klepterus tolanus, sp. n. 

Long. 5.5mm. Téte et pronotum brun de poix, fortement éclairci sur les 
cotés de ce dernier; yeux noirs. Elytres noirs, avec un léger reflet métallique 
bleuatre, scutellum et racine de l’élytre bruns ferrugineux; dessous ferrugineux, 
VPabdomen noir. Antennes et pattes ferrugineuses, ces derniéres avec les tibias et 
les tarses rembrunis. 

Espéce trés voisine de K. rwwenzoricus Burgeon, de l'Est du Congo Belge, par 
suite de la présence de pores sur le 7° intervalle, contre la strie 6, et par les stries 
ponctuées. La coloration des élytres est bien plus foncée et plus brillante. Les 
intervalles des élytres sont encore plus plats et les stries bien plus fines et plus 
superficielles, & ponctuation moins forte mais toujours distincte. La troncature 
apicale des élytres est plus droite et moins échancrée. Mais ce qui distingue au 
premier coup d’oeil la nouvelle espéce, c’est la forme du pronotum. Alors qu'il 
est sub-carré et un peu plus long que large chez ruwenzoricus, avec les cotés presque 
paralléles en arriere et les angles postérieurs sur la méme ligne que la base, chez 
tolanus il est transverse, nettement plus large que long, avec les cétés nettement 
convergents vers l’arriére, les angles postérieurs déportés en avant par rapport a 
la base qui, droite au milieu, remonte en oblique latéralement pour les rejoindre ; 
la sculpture est & peu prés la méme, les rides transversales un peu plus marquées 
chez ruwenzoricus. La téte est nettement plus étranglée en arriére chez ruwenzoricus, 
avec les tempes gonflées, tandis que chez tolanus elles sont obliques et sans aucun 
gonflement. 

Differe de K. ugandanus Basilewsky, espéce de PUganda ayant également une 
série de pores sur l’intervalle 7, par la taille, la coloration et les intervalles tout a 
fait plans, tandis qwils sont convexes chez ugandanus, qui a aussi les stries bien 
plus fines et moins profondes, & ponctuation plus faible. 

Gamo Province: Gughé highlands, Mt. Tola, c. 10,600 ft.. 10-14 xii. 1948, 
Un seul exemplaire. 


Subfam. Awrairwaz. 
Cypholoba tetrastigma Chaudoir. 


Gamo Province: west of Lake Chamo, c. 7,000-8,000 ft., 2. i. 1949, 3 ex. 

Espéce dont la forme typique peuple PRrythrée, l’Ethiopie et le Nord du Kenya 
Colony, tandis que la subsp. subfasciata G. Miiller est spéciale au Somaliland italien, 
et la subsp. quadriplagiata Gersticker (=wituana Strohmeyer) habite le Nord-Est 
du Tanganyika Territory et le Sud-Est du Kenya Colony. ~ 


Subfam. GaLerETININAE. 


Galeritiola africana Dejean. 
WoLamo PROVINCE : spur of Mt. Damota, over 8,000 ft., 28. x. LOSS exe 
Espéce largement répandue dans toute PAfrique tropicale. 
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(With 2 text-figures.) 
[Read 25 October 1951.] 


Hubrianax scotti, sp. nov. (Figs. 1, 2.) 

Oblongus, latus, niger, elytris aliquot pro parte brunnescentibus aut rufocinctis, 
prothorace antice flavonotato; in 3 articulis antennarum tertio et sequentibus 
apice externe dentatis aut longe pectinatis ; in 2 antennis gracilibus, articulo tertio 
longiore, ultimis paulo dentatis. 

Oblong et large, brillant, peu pubescent et & pubescence grise courte, noir, élytres 
parfois rembrunis en partie, aussi bordés de roussAtre ; devant du prothorax orné 
de chaque cdté d’une macule flave, avec le milieu étroitement bordé de flave. 
Antennes noires, différentes suivant les sexes, diversement et longuement pectinées 


Fic. 1.—EHubrianax scotti, 3. 


chez 3, gréles et subfiliformes 2. Prothorax court et large, moins chez 3 que 2, 
rétréci antérieurement et arqué postérieurement sur les cdtés. Ecusson grand, 
densement ponctué. Elytres & épaules effacées, un peu élargis postérieurement, 
courtement atténués au sommet, assez peu densement et irréguliérement ponctues 
(points divers trés fins au sommet), avec des traces de costules, Long. 5a 7 mm. 
Différe de H. africanus Pic par les antennes toutes noires, non flabellées 3: les 
élytres peu costés, les pattes noires et non entiérement claires. Quelques spécimens 
g ont le prothorax jaune-orangé, noir au milieu, l’ecusson noir de poix, les élytres 
orangés, les antennes foncées, les pattes rembrunies avec la base des cuisses plus 


claire. 
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ABYSSINIE: province de Srpamo, pres de la ville de Dilla, a environ 1.500 m. 
(c. 5.100 pieds), 20.i.1949; plusieurs adultes et beaucoup de laryes sous les 
pierres en partie couvertes d’eau, dans un ruisseau. 

Type (3) et 33, 2 2 (paratypes) dans le British Museum; 1 3, 1 9 (paratypes) 
dans la Collection Pic. 


Fig. 2.—Hubrianax scotti, 2. 


[Note - the stream at Dilla was low and several patches of gritty soil and stones, partly 
overgrown with grass and weeds, were exposed above the surface. One larva was found on a 
stone below the surface of the water, also many larval skins attached to stones, in some cases 
in clusters; these skins were either empty or contained pupae or adults, the latter of which 
emerged quite actively when the skins were detached from the stones. The immature stages 
are being studied by Dr. H. E. Hinton. 

Besides this series from Sidamo, I also collected three examples during my earlier Expedition, 
in the Muger Valley (north of Addis Ababa), c. 5,500 feet, 28 and 29. xii. 1926, one of which 
was found under stones in the partly dry river-bed. These three have been determined by 
Mr. C. N. Hawkins as specifically identical with those examined by M. Pic.—Huex Scort.] 
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EXPEDITION TO THE GUGHE HIGHLANDS (SOUTHERN ETHIOPIA), 1948-49 : 
COLEOPTERA, CARABIDAE, PTEROSTICHINAE. By Prof. 8. lie STRANEO, 
Scuola Tecnica Industriale Statale ‘“ Ponti,” Gallarate, Italy. (Communicated 
by De. Huen Soort, F.R.S., F.L.S.) 


(With | text-figure.) 
[Read 25 October 1951,] 


A la demande de mon ami P. Basilewsky, j’ai examiné les quelques Carabidae 
Pterostichinae recueillis par Dr. Hugh Scott en Ethiopie méridionale, de x. 1948 A 
i. 1949. Bien que le nombre d’exemplaires capturés était fort restreint, il s’y trouvait 
une espeéce nouvelle, appartenant au genre aveugle Caecocaelus, que j’ai décrit 
récemment d’Ethiopie, et qui constitue une découverte tout a fait remarquable. 


Trib. MORIONINI. 


Stereostoma senegalense G. Miiller. 


WoLaMo PROVINCE: Soddu, c. 6,800 ft., Menelik’s Hill, on the outskirts of the 
town, | x. 1948, 4 ex. 

Cette espece de l'Afrique Occidentale (Sénégal, Bissao) a été retrouvée dans le 
Congo Belge et en Ethiopie (Addis Ababa). 


Trib. CAELOSTOMINE. 


Caecocaelus Scotti, sp. n. (Fig. 1.) 


Long. 4,1 mm.; larg. 1,7 mm. Entierement d’un brun ferrugineux, assez clair, 
non roussatre, avec pattes, piéces buccales et antennes légerement plus claires. 
Téte modérément allongée, sans yeux, sillons frontaux profonds, assez larges, modéré- 
ment divergents en arriére, non dédoublés; mandibules non striolées en dessus, 
mais seulement déprimées longitudinalement. Pronotum cordiforme, peu convexe, 
long 1,1 mm., large 1,3 mm.; bord antérieur tronqué, angles antérieurs obtus, 
arrondis, non saillants ; cétés antérieurement modérément arrondis (largeur antérieure 
0,95 mm.); assez rétrécis en arriére et bien distinctement sinués devant la base qui 
est large 105mm. Angles basilaires droits, avec le sommet bien marqué ; rebord 
latéral trés étroit, avec un élargissement assez sensible vers la base, qui est droite ; 
_sillons basilaires profonds, nettement imprimés ; espace entre les sillons et le rebord 
latéral aplani; ligne médiane du disque allongée, peu profonde. Elytres allongés, 
subparalléles, assez convexes ; épaules arrondies, rebord basal complet, cotés paralléles 
sur les trois quarts de la longueur ; déclivité apicale assez graduelle ; stries profondes, 
presque lisses ou trés finement crénelées ; intervalles modérément convexes, le 3° avec 
le fouet basal régulier et sans pores discaux. Dessous tres modérément sculpte, 
prosternum sans sillons antécoxal et antérieur, proépisternes lisses, métépisternes 
faiblement ponctués ; segments abdominaux non ou presqu’ insensiblement déprimés 
le long de la base, avec des légers points épars surtout vers les bords extérieurs. 


Mdle inconnu. 

Deux exemplaires (dont un trés incomplet) de cette espece nouvelle, qui enrichit 
encore le groupe des Caelostomini africains, ont été recueillis en Ethiopie, Prov. 
Gamo, Chencha, 8.900 ft., 27. xi. 1948, par Hugh Scott. L’holotype ? porte une 
étiquette “‘ Beneath large boulders sunk deep in turf on. slope towards stream, 
facing N.E.”. L’autre exemplaire ne porte aucune indication en dehors de la 
localité de capture, qui est la méme que celle du précedent. 
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Cette espece nouyelle est bien proche du Caecocaelus basilewskyi Stvan., de = 
riviere iedalbabaith Ethiopie* (1949, Boll. Soc. Ent. Ital. 79, 23). Tous les aes 
fondamentaux coincident, y compris le manque des pores setigeres juxta-ocu 
antérieur et postérieur du pronotum. Chez C. scotti la coloration est bien plus 
claire ; lerebord latéral du pronotum, un peu avant des angles basilaires, presente 
léger élargissement, pas tres régulier ; les élytres sont plus bombeés ; les stries son 
bien plus finement ponctuées ; le dessous est bien moins ponctué, etc. 


Fie. 1.—Caecocaelus scotti, sp. n. 


Trib. ABACETINI. 


Abacetus vaccaroi Straneo, 
Carra (south-western Ethiopia) ; ii. 1945, 1 ex. (Dr. M. Giaquinto). 


Localité typique: Erythrée, Dorfu; tous les exemplaires connus proviennent 
de la Région Aethiopienne. 


* fafforts to find in what part of Ethiopia the Boulo-bouli river is situated have been 
unsuccessful. M. Basilewsky (from whom Dr. Straneo received the specimen which he described 
as Caeocaelus basilewskyt) reports that the specimen was one of a number sold by a firm of dealers, 
with no further information beyond the name of the river as given, and no indication of the 
collector’s name. The river may well be one of those known only by a local name. Judging 


from the affinities of other Carabidae from the same place, the river should lie south of Addis 
Ababa and at a high altitude.—Hucu Scorn, ; 
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Abacetus discolor Roth. 
Wotamo Province: Soddu, c. 6,800 ft., 21. x.-14. xi. 1948, 1 ex. 


Espéce assez largement répandue dans le Soudan, Ethiopie, et dans l'intérieur du 
Congo Belge, aux altitudes basses et moyennes. 


Abacetus germanus Chaudoir. 
Arussi Province : Sucsuci River, c. 5,100 ft., 27. i. 1949, 1 ex. 


SrpAMO Province : Dilla, c. 5,100 ft., from wet grit and stones in river-bed about 
2 miles south of town, 20. i. 1949, 4 ex. 


Kspéce largement répandue dans |’ Afrique tropicale, probablement aussi dans 
PAfrique du Sud. La forme typique fut découverte au Lac Tana ; la variété aethiops 
Straneo, se trouve un peu plus au Sud, toujours dans les altitudes moyennes d’ Ethiopie. 


Abacetus sp. (apud latemarginatus Straneo). 
Wo.wamo Province : Soddu, c. 6,800 ft., 21. x.-14. xi. 1948, 1 ex. 


Seulement trois exemplaires typiques de l’Abacetus latemarginatus ont été 
recueillis, pres de Nakuru, Rift Valley. 


Abacetus sp. (prope protensus Chaudoir). 
Boroppa, c. 8,200 ft., 18-19. xi. 1948, 1 ex. 
L’Abacetus protensus fut décrit du Lac Tana, mais c’est une espéce douteuse. 
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THE EVOLUTION OF ARTHROPODAN LOCOMOTORY MECHANISMS.— 
PART 4. THE STRUCTURE, HABITS AND EVOLUTION OF THE 
DIPLOPODA. By S. M. Manton, F.R.S., from the Zoological Department 
of King’s College, London, and the British Museum (Natural History) 


(PLATES 52-55, and 8 text-figures. ) 


[Read 23 April 1953.] 
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INTRODUCTION. 


Brief descriptions of the metachronal waves of limb movement shown by millipedes 
are to be found in the works of Clementi (1912), Bethe & Salmonson (1931), Bethe & 
Thorner (1933), Holst (1934 and 1935) and others, besides the larger monographs on 
the Diplopoda. Lankester (1904) made careful and accurate observations on the 
juliform Archistreptus, and noted that the phenomena of millipede limbs can be 
studied satisfactorily only by photography and “ the instantaneous illumination of the 
electric spark’. The results of such a study are presented below. The main theme 
of the more detailed earlier investigations on millipede locomotion has been the mode 
of co-ordination of the movements and the physiology of the spiral reflex, and not the 
function of the various types of movements. Alterations in some features of the 
metachronal waves have been obtained from experimental methods involving partial 
destruction of the animal, but details of the normal range of locomotory performances 
by millipedes have not yet been previously ascertained, nor have the far reaching 
correlations of structure with habits been appreciated. The data presented here 
provide functional reasons for the evolution of many of the diagnostic characters of 
the trunk region of the Diplopoda as a whole and of its several sub-divisions. 

In Part 3 it was shown how (a) the chilopodan locomotory mechanisms appear to 
be specialized derivatives of two primitive gaits such as seen in Peripatus (the ‘ middle’ 
and ‘ top-gear ’ gaits, see Part 1) and (5) the view was put forward that many diagnostic 
features of the chilopodan groups have been evolved in association with persistent 
habits, those concerning a striving after speed or a perfection of burrowing being the 
more important. Here it will be shown how a ‘ bottom-gear ’ gait, such as seen in 
Peripatus, has been exploited by the Diplopoda, and how diagnostic features of this 
group have probably also evolved in association with persistent habits. A tendency 
by ancestral Diplopoda to push through and into the substratum by the motive force 
of their legs appears to have been of basic importance, in contrast to one of running 
round obstacles as practised by the Chilopoda. The resultant method of burrowing 
in Diplopoda is quite unlike that of the burrowing Chilopoda (Geophilomorpha, see 
Part 3). 

Arthropodan advances concerning rigidity of integument, joints, length of the leg, 
form or the limb-tip and the hanging stance were necessary preliminaries for the 
evolution of diplopodan locomotory mechanisms (see Part 2, pp. 96, 97, etc), anda 
common origin of diplopod and chilopod gaits cannot be envisaged at a stage much 
less distant than that of a soft bodied arthropod (see Part 2, p. 115 and below). 

The diplopodan groups are varied both in their general appearance and habits of 
life but, as pointed out by Attems (1926) and others, the majority live under decaying 
leaves and in the underlying humus of woodlands. Most Diplopoda are herbivorous, 
feeding on fresh or decaying vegetable matter, a few are omnivorous, taking also 
earthworms, phalangids and insects, some are scavengers and a few are carnivorous 
(Attems, 1926; Verhoeff, 1926-32; and Brade-Birks, 1930). Usually diplopods do not 
wander far from their place of birth, and an ability to run fast appears to be an 
incidental rather than an essential accomplishment, although speed may sometimes be 
important, particularly to the larger species. 

A marked ability to push is as diagnostic of the Diplopoda as is the possession of 
diplo-segments. This, and the ability to curl the body into a tight or a loose spiral, 
are two habits which must have been of major importance in the evolution of the 
structural peculiarities of the group. The Chilopoda and the smaller myriapodan 
groups are not capable of much pushing. The ability to push is exercised in different: 
ways. The Juliformia and Oniscomorpha employ bulldozer-like tactics, pushing 
mainly by the head end in penetrating soil, and the anterior end of their bodies is 
almost as wide as any other part. The British Polydesmoidea and Nematophora 
cannot penetrate so deeply, being found in woodland litter, and specialize in forcing 
open cracks which tend to give way along one plane, the force being applied by their 
‘flat backs ’. _In the Nematophora and in Polyzonium the body markedly tapers 
anteriorly, assisting the animal to transfer a forward thrust to the dorsal surface, 
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Tn all cases the legs supply the motive force, but in the Nematophora, Oniscomorpha 
and Colobognatha longitudinal and oblique muscles, which slide the sternites and leg 
bases antero-posteriorly, also contribute to the locomotory thrust. The presence of 
free sliding sternites in these three groups also makes possible a tight spiral position, 
as well as serving locomotory needs. In the Juliformia and Polydesmoidea the 
pushing power of the legs is developed from rigid leg bases, and this has brought 
problems in effecting a close spiral, solved to different degrees and by different means 
in the two groups. 

In the taxonomic literature, little of which is in English, some skeletal parts of 
millipedes are described in detail, but the correlations which can be shown to exist 
between skeleto-muscular systems, function and habits have scarcely been appreciated. 
The purpose of the short descriptions of skeleto-muscular systems given here is not to 
add to taxonomic knowledge nor to describe the various structures fully, but to 
interpret structure in terms of function in a manner serviceable to the non- 
specialist. 

The representative animals of the major groups of Diplopoda which have been 
studied, on the classification adopted ‘by Attems (1926), are listed below, and those 
which have not been obtained alive are bracketed. 


Opisthandria 
Limacomorpha (Glomeridesmus mexicanus) 
Oniscomorpha (Sphaerotherium dorsale) 
(Sphaerotherium giganteum) 


Glomeris marginata 
Proterandria 


Kugnatha 
Polydesmoidea Polydesmus coriaceus 
Polydesmus angustus 
Brachydesmus superus 
(Oniscodesmus fuhrmanni) 
Microchordeuma (Chordeumella) 
scutellare var. brélemanni 
Nematophora 
Chordeumoidea Craspedosoma rawlinsi 
Polymicrodon polydesmoides 
Lysiopetaloidea (Callipus foetidissimus) 
(Lysiopetalum illyricum) 
Juliformia 
Juloidea Blaniulus guttulatus 
Cylindroiulus punctatus 
Cylindroiulus londinensis 
var. caeruleocinctus 
Schizophyllum sabulosum 
Micropodoiulus scandinavius 
Tachypodoiulus niger 
Spirostreptomorpha Graphidostreptus judaicus 
(Gymnostreptus tabulinus) 
Plusioporus sulcatus 
(Poratophilus punctatus) 
Ophistreptus guineensis 
Spiroboloidea (unidentified species) 
Colobognatha Polyzonium germanicum 


Silvestri (1903), Verhoeff (1926-32), Attems (1926) and Brolemann (1935) have 
each used a different terminology for the leg segments of the Diplopoda. The 
naming of the segments adopted here for a six-segmented leg is : (1) coxa, (2) prefemur, 


can 
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(3) femur, (4) postfemur, (5) tibia and (6) tarsus. The term trochanter is used for an 
additional segment situated in between (1) and (2), and tarsus 1 and tarsus 2 for 
segments resulting from an incomplete division of the tarsus. The muscle of the 
tarsal claw is referred to as the flexor unguiculi. 

The terminology used for the muscles is based on that of Silvestri (1903), modified 
in accordance with the naming of the limb segments here adopted. 

The locomotory mechanisms of the Pselaphognatha will be considered in Part 5. 


METHODS. 


When given a smooth substratum exposed to daylight, Diplopoda do not readily 
perform a wide range of gaits at very different speeds, as do many Chilopoda, Arachnida 
and Insecta. Some species may not alter the gait at all (see entry for Polydesmus in 
Table 1, Part 2, p. 104) and merely change the speed a little by alterations in the pace 
duration and angle of swing of the leg. Under such conditions millipedes exhibit 
their faster gaits, and these are usually of lesser significance to the animals than their 
slower gaits. It is necessary to supply some resistance to an animal’s progression in 
order to call forth the wide range of gaits of which it is capable, and in particular the 
slow powerful gaits which, it is suggested here, have been of major significance in the 
evolution of the group. 

It has not been practicable to record behaviour while burrowing or pushing under 
natural cover, but millipedes have been harnessed to sledges, which they pull with 
great readiness. The more powerful gaits are employed as the load is increased, and 
the maximum load which can steadily be drawn has been ascertained. The 
Onychophora and Chilopoda when harnessed make no attempt to pull a load by the 
motive force of their legs. 

Flat bottomed pans of appropriate sizes have been used as sledges, the 
contained loads being easily changed. The harness has consisted of threads of 
appropriate thickness temporarily stuck to the whole length of the millipede by 
means of * Noso ’, a quick setting preparation which can later be peeled off without 
damage to the animal. For large species, the harness is most easily secured beneath 
a strip of cotton or silk material, the whole length of which is stuck to the 
exoskeleton. Millipedes have also been saddled with weights (see Pl. 52, figs. 12-14) 
but it is usually more difficult to apply a maximum load by this means ; the animals 
again appear quite ‘ complacent’ and exhibit gaits appropriate to the loads. The 
maximum load which each animal can pull steadily has been recorded in terms of 
the force in grams required similarly to shift the sledge and harness. The method 
is subject to obvious inaccuracies, but it is nevertheless of value for comparative 
purposes, and it gives reasonably consistent results within the same species. 

Owing to the large number of legs possessed by many millipedes it has been 
desirable in some cases to apply a ‘ boot’ of some quick-setting plastic material 
to one foot in order to ascertain the stride length from tracks made by the animal 
walking over smoked paper. The general methods employed have been described 
in Part 2. Some of the photographs shown on the plates, in which all legs are shar 
were taken with electronic flash illumination: the procedure of adopting an ex es 
time which will give a blurred image of the legs performing the recover ates 
is less useful for millipedes than it is for centipedes. ‘i . 

A ventral view of moving limbs and sternal plates can easily be obtained b 
allowing an animal to walk across one-half of the long face of a right-angled oa 
and focussing a binocular microscope on the inverted image visible on the Re 
half of the long face. Photography is, however, needed for the analysis of these 
movements, and for this purpose the animals have been photographed from below 
when walking across cover glass. Loading the animals under such conditions ca 
be carried far because their feet slip on the glass, | mang 
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Movements oF THE HEAD AND Bopy AND OccURRENCE OF UNDULATIONS. 


os a Ape head during walking, which have been described for 
Buse a ee pies (Parts 1 and 3) are also seen in a more limited 
rns ee iplopoda. There is less movement of the head relative to the 
ee cee n ate segments contribute to the bending (Pls. 53, 54, 56, figs. 23, 24 
ae an e antennae touch the ground momentarily, as in other Myriapoda. 

e two antennae may be put down together, or they may tap the ground alternately 
as is so often done by Glomeris. 

The conspicuous changes in length and shape of the body seen in the Onychophora 
and. Chilopoda are absent in most Diplopoda. Effective burrowing could not be 
achieved by a bulldozer method if the rings of the body readily telescoped or altered 
in shape. The apparent length of Ophistreptus guineensis when walking freely, 
when walking against a drag applied to the posterior end, or when walking against 
a resistance applied at the head end is almost the same, changing by about 
1 per cent, in contrast to the Onychophora and Geophilomorpha, whose shape changes 
greatly under different circumstances, increasing up to 60 per cent in length (Parts 1 
and 3). Polydesmus also maintains an almost constant length. Other Juliformia 
which have been examined can alter their length by 2-5 per cent, the amount differing 
in. the several species. The longer dimensions are usually but not always associated 
with the faster gaits. Craspedosoma can increase its walking length by 5 per cent, 
the shorter lengths being seen when the animal is progressing against a resistance, 
as in Pl. 53, fig. 21, where the length of the body, including the hump, is less 
than in the freely walking animal in fig. 20. The length of Glomeris, excluding 
the head and collum, which can be considerably extended, may differ by 10 per cent 
at different moments, but the extension of the body does not appear to be uniformly 
related to the gait. Possibly this may be due to constant changes in behaviour 
under experimental conditions. Polyzonium when walking fast may be 17 per cent 
longer than it is when pulling a load, but in Pl. 55, fig. 48 it is only a little over 
3 per cent longer than it is in fig. 49. However, in this millipede the extensibility of 
the body is probably necessary in order that a flattened form may be assumed 
when hanging on to rock in a chiton-like manner (p. 353). 

A push can be exerted by the head end of a juliform millipede when the body 
is held in any position and even as in text-fig. 1c, although a force can most easily 
be applied when the body is straight. For this it is essential that each ring should 
maintain its position rigidly, relative to the next. Immovable objects, such as 
stones, encountered in burrowing can thus be avoided and the most favourable 
path followed. Text-fig. 1c shows an Ophistreptus guineensis walking between a 
series of pegs. The flexibility of the millipede body, particularly in the Juliformia, 
- ig as striking as is the ability to hold the rings firmly in any position. 

The power to rotate one ring upon the next is also conspicuous. A minor use 
of this ability is seen when an animal walks away from a spiral stance on a flat 
surface; the anterior rings then lie at right angles to those still in the spiral. 
The maximum powers of rotation are not easy to elicit. An Ophistreptus guineensis 
has been observed to rotate one ring upon another by 11° or more. If the two 
ends of the body are held as indicated in text-fig. 16, so that the animal cannot 
walk away, the legs of the middle rings may leave the ground and be carried round 
laterally, than dorsally, and even over to the other side through an angle of 270°. 
Tt is not know whether such rotation is used in burrowing to bring the legs in 
contact with the most favourable footholds. Since such great powers of rotation 
have no obvious purpose in surface walking, the existence of these powers suggests 
that they may be of service in burrowing. Millipedes which burrow less well, such 
as the Polydesmoidea, have not been observed to rotate their rings so greatly. 

Undulations of the body, which are usually undesirable in the Arthropoda 
(Part 2, p. 113), are seldom conspicuous in freely walking Diplopoda, being controlled 
by the strong inter-ring musculature, which is needed to maintain or modify any 
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given flexure when the animal is pushing with the legs. The mid-ventral origin of 
the legs and each pair being moved in the same phase may give a tendency towards 
dorsal humping over the groups of propulsive legs, comparable with the lateral 
undulations of centipedes (Parts 2 and 3), but such undulations are never apparent. 
An inability to control body undulations does not arise in the Diplopoda as in the 
Chilopoda, and does not provide a limiting factor for the exploitation of the type 
of gait employed. Dorsal humping over the groups of legs in the recovery phase 
may be seen in animals which are exerting themselves, either by running fast or 
by pushing against a resistance, but this is an active locomotory movement 
(see p. 339). | 

The changes in shape undergone by a ring in the Oniscomorpha and 
Colobognatha are considered on pp. 315 and 323. eee 

Some species of Juliformia can on occasion move about by body wriggling 
without the legs. Duncan (1897) records African Juliformia turning on their backs 
and retreating without using the legs, and the same phenomenon has been seen 
in this country in Tachypodoiulus (Cloudsley-Thompson, 1949) and other species. 
This capacity is serviceable in making a way through grass, but no evidence has 
been obtained of a widespread utilization of such a method of progression. When 
juliform millipedes were caused to progress between a series of pegs, as in 
text-fig. 1c, in all cases the legs alone were used, either against the ground: or 
against the pegs, and the animals did not appear to progress by pressing against 
the pegs with the body. A snake-like wriggling appears to be an incidental 
accomplishment, and not a habit that has been of importance in the evolution of 
the Diplopoda, where the usual method of walking and burrowing appears to be 
mediated by a force exerted through the legs. 


The movements occurring between the body rings of millipedes, and the 
skeleto-muscular systems which make these movements possible, will be described 
in outline before the locomotory mechanisms are considered. 


Inter-Rine Jomsts anp RING Morrxrouoey. 


The ability to push by the head end or dorsal surface is correlated in all groups of 
Diplopoda with a very strong exoskeleton. The mobility of one ring upon another 
is great, allowing a general flexibility of the body which in some groups is striking. 
Each ring is united with the next by a long thin flexible membrane (text-fig. 3, i.m.) 
which may be up to half the length of a ring. This membrane arises from the outer 
side of the prophragma or from the anterior end of aring. It folds forwards and then 


circumstances. If forces directed towards each other are applied at two points on the 
body of a living juliform millipede, little, if any, shortening of the intervening rings 
results. In all groups of millipedes structures exist which prevent the telescoping 
of one ring into the next when pressure is applied or when the animals push. 

Most descriptions of the inter-ring joints of millipedes have stressed their telescopic 
overlapping, and Attems’ (1926, fig. 51) scheme for the joint movements of a julid 
shows what amounts to a ventral hinge, and if the diagrams were extended, they could 
never truly represent a straight animal. Brélemann (1935) correctly notes that the 
axis of rotation of the inter-ring joint lies half-way up the side, but he reproduces 
Attems’ figures. A ball and socket joint, or a derivative of this type, has been found 
in all millipedes used for the present investigation. 


_. lay around the ring between Bt and Y¥*; 
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: Both skeleton and muscles prevent the ‘ ball’ from sinking deeper into the 

socket’. That the ‘ ball’ is loosely “held in place by muscles is shown by the 
lengths of dead Polydesmoidea and Juliformia being slightly less than in life. The 
skeletal joints in these two groups are incompressible and prevent further shortening. 
In the Nematophora and Oniscomorpha the ring skeleton is not fused into one piece 
as in the former groups, and it is not so rigid. In life muscles keep the ‘ ball’ in 
position, since length changes in life are small (see above, p. 303), while a 40 per cent 
shortening may occur on death in Craspedosoma for example. Displacement of the 
‘ball’ on one side, laterally, ventrally or dorsally is accompanied by an equal and 
opposite displacement on the other side. There is no telescoping in the sense that one 
hard part slips a variable distance into a sleeve of another hard part, except to a very 
small extent in the Nematophora, Oniscomorpha and Colobognatha. A millipede 
may be likened to a series of opisthocoelous vertebrae which have been drilled out 
down the middle to house the viscera, each part being fashioned like a beautiful piece 
of machinery. 

In the Polydesmoidea (Polydesmus, text-figs. 2 e-i) and in the Nematophora 
(Polymicrodon, text-figs. 2.0 and p) the ball and socket is very simple. The anterior 
end of the prozonite tapers steeply, ending in a thickened strengthening rim, and is 
inserted into a widening funnel provided by the metazonite of the preceding ring. 
The free edge of the metazonite is also strengthened by thickening on its inner margin 
and can resist deformatory tendencies. The extent of the ‘ ball’ is shown by the 
mechanically tinted regions in text-fig. 2, this being the part of the prozonite which is 
covered by the metazonite of the preceding ring when the body is straight. The 
incompleteness ventrally of the ‘ einschubcylinder ’ of Polymicrodon presents little 
difference functionally from Polydesmus, since the parts concerned act as a ball and 
socket in the absence of complete ventral continuity of the socket, which is otherwise 
circular in section. In the Juliformia the overlapping parts taper, but less steeply in 
the larger species, and the joint is more elaborate, allowing wider movements, 
particularly those which permit the spiral reflex. 

Some essential features of the joint and its movements are shown by text-fig. 1 a. 
Ring 2 fits into ring | as shown, the tinted part forming the ‘ ball’ being covered when 
the animalis straight. Thisring is deeper and shorter than it is in the Polydesmoidea, 
Nematophora Chordeumoidea, and less deep than is usual in the Juliformia and 
Lysiopetaloidea. The most anterior part of the prozonite, midway between D and Z, 
reaches just beyond the supposed junction of pro- and metazonite at B—Y, as in the 
Juliformia. This junction is marked by a diagrammatic thickening (black), but in 
the Polydesmoidea, Nematophora, Juliformia and Colobognatha a constriction or 
furrow lies in this position (see B on text-figs. 2, 3 and 4, and Pls. 52, 53, 54, 55, figs. 11, 
25, 26, 37 and 44). This furrow in the latter two orders resists the telescoping of 
~ one ring into the next, while in the longer ringed Polydesmoidea and Nematomorpha 
the tapering shape of the ‘ ball’ and ° socket ’ prevents the ‘ ball’ from reaching 
this middle level of the ring. 

If ring 2 in text-fig. 1 a is rotated about the centre R midway between A and X, 
so that its anterior end turns upwards, the rotation will be stopped by mechanical 
. interference of the margin X of ring 1, as is shown by the dotted line. Ifa constriction 
the rotation could be carried a little farther, 
since the rim X of ring 1 would slip into the furrow at Y*. Further, rings proportioned 
so as to give smaller distances A—B and X-Y (shorter deeper rings) will possess a 
smaller angle of rotation of one ring upon the next. The formation of a resistant 
socket necessitates the greater part of the exoskeleton being in the form of one rigid 
unit. 
The limbs of all Diplopoda can exert a powerful push, and for this the extrinsic 
muscles need suitably placed firm sites for their insertions. In the Juliformia and 
Polydesmoidea the legs articulate with rigid sternites immovably fixed to the terga, 
and extrinsic leg muscles are inserted on to the equally firm tracheal pouches. In the 
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Oniscomorpha, Nematophora and Colobognatha where the sternites and associated 
tracheal pouches are free, there is an abundance of muscles to the tracheal pouches 
which slide these structures, and indirectly the bases of the legs, posteriorly during the 
backstroke and forwards during the recovery stroke (see p. 338), thus assisting the 


extrinsic leg muscles in supplying a propulsive force. These muscles must also 
provide rigidity. 


Text-rig. 1, 


(a) Diagram of two rings of a millipede to show the ball and so 
(6) Ophistreptus gwineensis showing rotation of the rings follow 
the clamps as shown. 


(c) O. guineensis walking between a row of pegs ( 
ordinary pin relative to Blaniulus guttulatus), 


cket joint between them. 
ing on the body being held by 


the size of the pegs corresponds to that of an 


SKELETO-MuscuLaR SYSTEM OF THE JULIFORMIA, 


The exoskeleton of a ring of Gymnostrep 
sternites and tergites are fused, the ‘ ball’ D. 


parallel to the anterior margin (see also the Polyde 


smoidea, text-fig. 2¢). The 
short sternal region is emarginated posteriorly and P 


rojects anteriorly beyond the 


loufe Fipofe 
depfe!— SSS 


Texmornie., 2: 


Diagrams illustrating the skeleton of millipedes, the extent of flexures between the rings and the 
form and positions of the legs. Prophragma mechanically stippled, portion of outer surface 
of prozonite covered by preceding ring when the body is straight is mechanically shaded. 
For key to lettering see text-fig. 3. 

(a—-c) Ring skeleton of Gymnostreptus tabulinus (Juliformia), (a) in oblique lateral view, (6) in 
anterior view and (c) in ventral view. 

(d) Ventral view of the head end of Poratophilus punctatus (Juliformia) showing features 
permitting a close spiral. 

(e-i) Polydesmus angustus (Polydesmoidea), (e) two diplo-segments of female, (f) anterior view of 
ring of male, full line showing position of leg when running, and dotted line the position 
when pushing or resting, (7) leg of male showing the muscles, (/) internal view of sagittal 
half of diplo-segment of female, legs foreshortened, (4) head end with head pulled unnaturally 
forward to disleose the socket for the head capsule on the collum ‘c.h.’ and the junction 
of collum and hypostoma. 

(j-m) Blaniulus guttulatus, (j) two diplo-segments in lateral view; the body is straight, (&) rings 
4-7 dorso-ventrally flexed, (/) three diplo-segments flexed- towards the dorsal side as far as 
is possible, (7) three diplo-segments flexed in the lateral plane. 

(n) Ophistreptus guineensis (Juliformia) showing maximum possible flexure in the lateral plane 
for comparison with fig. ™. 

(o-p) Polymicrodon polydesmoides (Nematophora), (0) ring of female in ventral view showing the 
movable sternites, (p) anterior view of diplo-segment of male showing position of leg when 


running. 
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3 
musinvol,  flintdor p flext.dor. 
ee 


fl.in long 
‘fi. in.long. 


ret.par: 


lev.ap post 
gen. 


LC. 
mus, lac.v. 


TEXT-FI¢. 3. 

Figs. a-d show the skeleton and inter-rin 
punctatus. The fat body, tracheae and 
intestine, nerve cord and muscles are 


segments shown, which are taken from the middle of the trunk. 
the site of muscle insertions on to the exoskeleton ite stippli 


§ musculature of a juliform millipede Poratophilus 
malpighian tubes have been removed, and the heart, 
progressively cut back or removed, in the series of 


cut surfaces of muscles, skeleton 
white in section and the tracheal pouches and inner edges of the 
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LEGEND TO TEXT—FIG. 3 (continued), 


309 


(a) Internal view of a sagittal half of five rings when the body is flexed towards the ventral side. 
(b) Slightly oblique lateral view of the lower part of two rings to show the relationship of the 
sternites, the anterior end of the ring, and the groove B, when the body is held in a straight 


line. 


(c) Internal view of the ventral half of three rings bissected horizontally with the body flexed 
to the right. ; 
(d) Internal view of a dorsal sector of three rings bisected horizontally, the body being straight. 
(e) External view of ventral half of a ring of Polydesmus angustus, the tracheal pouches and 
extrinsic limb musculature exposed by removal of the ventral dilatations of the pedigerous 


lamina. 


(f) Posterior view of metazonite showing the insertion of the limb and the extrinsic and intrinsic 
limb musculature. 


jfl.int.dor. 
fi-long.po. fe. 
jfi.po.fe. 
fi.st. 
fi.ta. 
fi.ti. 
fl-un. 
gen. 
h. 
wfy.(s.1). 
aM. 
ut. 
int. 
b.L(7.2). 
1.2(r.3). 
1.3(7.4). 
1.4(r.5). 
1.5(r.5). 
lpr. fe. 
lev.ap. post. 
lev. fe. 
mez. 


most anterior position of dorsal 
edge of prophragma. 

posterior free edge of metazonite. 

apophysis of involvens muscle. 

anterior ramus of tracheal pouch. 

anterior tracheal pouch. 

strong dorsal articulation of coxa 
and ring skeleton. 


constriction running round the 
ring. 

mark running round ring parallel 
to prophragma. 


concavity on collum articulating 
with head capsule. 

collum. 

coxa. 

coxal sac. 

anterior end of prozonite. 

dorsal insertion of involvens muscle 
from succeeding ring. 

dilatation on pedigerous lamina 
opposite leg bases. 

depressor femoris. 

depressor prefemoris. 

bare inner edge of prophragma. 

edge of metazonite. 

femur. 

flexor externus dorsalis. 

flexor femoris. 

flexor inferus brevis. 

flexor inferus longus. 


flexor internus dorsalis. 

flexor longus postfemoris. 

flexor postfemoris. 

flexor sternalis. 

flexor tarsi. 

flexor tibiae. 

flexor unginculi. 

genital tube. 

heart. 

hypopharynx (sternite of ring 1). 
intersegmental membrane. 
internal ramus of tracheal pouch. 
intestine. 

first leg (situated on ring two). 
second leg (situated on ring three). 
third leg (situated on ring four). 
fourth leg (situated on ring five). 
fifth leg (situated on ring five). 
levator prefemoris. 

levator apophysis posticae. 
levator femoris. 

metazonite. 


mus.invol. 
mus.lac.v. 


prot.brev.cox. 
prot.long.cox. 
prot.cox. 

pre. 

Be 


T.2e—T ale 
ret.brev.cox. 
ret.cox. 
ret.cCOoxv.s. 
ret.dor. 

ret. f.€ 
ret.long.cox. 
ret.part. 


ret.pr. fe. 


musculus involvens. 

musculus lacuna ventrale. 

position of dorsal edge of 
prophragma or of dorsal edge of 
prozonite, when the body is 
straight. 

nerve cord, 

ring skeleton holding coxa. 

origin of intersegmental membrane. 

most posterior position of dorsal 
end of prophragma. 

posterior tracheal pouch. 

pericardial floor. 

prophragma, 

postfemur, 

prefemur. 

protractor brevis coxae. 

protractor longus coxae. 

protractor coxae. 

prozonite. 

level of ridge between sockets for 
head capsule and ring two. 

second—seventh ring. 

retractor brevis coxae. 

retractor coxae. 

retractor of coxal sac. 

retractor dorsalis. 

retractor femoris. 

retractor longus coxae. 

retractor paratergalis. 

retractor prefemoris. 

surface of overhanging posterior 
edge of tergite which is open to 
the exterior. 

sternites of rings two and three. 

stink gland. 

sternite of metazonite. 

sternite of prozonite. 

anterior upwardly directed sternal 
ridge on to which flexor sternalis 
pulls. 

spiracle. 

sternite. 

tubercle above articular facet of 
coxa, 

tarsus. 

thickened rim on edge of ring. 

tibia. 

trochanter. 

emarginated ventro-lateral edge of 
tergite. 

ventro-lateral part of constriction 
running round to the ring. 
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rest of the ring (see also text-figs. 27 and k). The sternite is directed markedly 
upwards at the anterior end, particularly in the smaller species. The legs, arising 
on the posterior half of the fused sternites, lie level with the greater part of the | 
‘ball’, which is also the site of the insertions of the trunk muscles. 

The endoskeleton consists of two pairs of tracheal pouches and the prophragma 
(white in text-fig. 3 and coarsely stippled in text-fig. 2). From the spiracles, 
situated lateral to the limb bases, the flattened tracheal pouches slope forward, 
reaching the anterior end of the sternite (text-fig. 3, a.t.p. and p.t.p.). The 
prophragma consists of an annulus projecting inwards from the anterior end | 
of the prosomite, being formed by both sternal and tergal plates. It ends in a 
thickening, in section showing the form of a steel girder (e in text-figs. 2a and 
3a,candd). The sternal component of the prophragma forms an anteriorly and 
upwardly directed ridge s.r. from which the intersegmental membrane arises, and 
through this membrane the flexor sternalis muscles are inserted on to the sternum 
and pull on this ridge. The intersegmental membrane elsewhere arises near the 
external limit of the prophragma (text-fig. 3), so leaving both sides of the prophragma 
available for muscle insertions. Of the millipedes which have been examined, 
Plusioporus sulcatus possesses legs which are relatively longer and stronger than 
the rest (Table I, columns 4 and 8 and PI. 53, figs. 24 and 25), and the legs of 
Gymnostreptus tabulinus are also strong. Their endoskeleton is correspondingly 
heavy ; the prophragma of G. tabulinus (text-figs. 2a and b) is as wide and thick 
as it is in the larger Poratophilus punctatus with much shorter legs (text-figs. 3a 
and c) ; both species are drawn to the same scale. 

It will be noted that the tapering curved form of the prozonite between C and D, 
and the position and shape of the prophragma, are admirably shaped to give 
rigidity and strength, greater than that provided by the rings of the other orders, 
with the possible exceptions of the Polydesmoidea (text-figs. 2 and 4) and 
Lysiopetaloidea. However, the differences between the inter-ring joints of the 
Juliformia and the Polydesmoidea and Nematophora, from the functional and 
structural aspects, are differences of degree rather than of kind, except for the 
presence of free sternites in the Nematophora. 


Movements Between the Rings. 


The action of the ball and socket joint outlined above is shown in text-fig. 3. 
The white arrows on ring 5 in text-fig. 3a of a dorso-ventrally flexed Poratophilus 
punctatus show the equal and opposite displacement on the dorsal and ventral 
sides, a similar displacement being seen in a horizontal bend in text-fig. 3c. The 
constriction B is slight, and at the degree of flexure shown the edges of the 


metazonites on the right almost reach the deepest part of the furrow B. The 
maximum lateral bending possible to Ophistreptus is shown in text-fig. 2 n, where 
the edges of the metazonites have now slipped beyond the deepest part of the 
ill-defined furrow at B on the concave side of the bend. On the longer and less 
deep rings of Blaniulus the furrow is more marked and takes a postero-ventral 
sweep round the sides of the body (text-figs. 2 j-m), thereby accommodating to 
a maximum the postero-ventral edge of the metazonite when the animal is flexed 
as in text-fig. 2k. In the majority of Juliformia the furrow B does not take this 
backward sweep but remains parallel to the anterior edge of the prozonite. It is 
the ventro-lateral edge of the metazonite which is emarginated towards the 
furrow B (text-figs. 2@ and c) and so in either case the downward bending of the 
body is facilitated. These features are functional necessities, without which a 
juliform millipede could not exert its characteristic powers. The two or three 
anterior rings of the body bearing only one pair of legs are similarly shaped and 
provided with a furrow B. 

The different degrees of possible flexures 


in several directions are shown for 
Blaniulus in text-figs. 2 fm. 


An angle of 32° between the rings is shown at the 
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anterior end of the body in the nodding position (text-fig. 2k) while a maximun 
turn through 36° is possible for most rings. A much smaller flexure can occur in 
the dorsal direction (text-fig. 21) because the greater length of the ring dorsally 
soon brings the edge of the metazonite into the furrow B, thus halting the bend. 
An intermediate degree of bending is possible in the lateral plane (compare the 
sizes of the tinted areas in text-figs. 2 k, 1 and m). A maximum horizontal flexure 
of 33° is shown in text-fig. 2m, about 54 rings being needed to complete a turn 
through 180°, but in millipedes with deeper, shorter rings the maximum flexure 
between rings is much less, about 13° for Ophistreptus (text-fig. 2 n), and 14 rings 
are needed here to complete a turn through 180°. However, owing to the shortness 
of the rings, a more acute bend of the body can be effected than in Blaniulus, as 
shown by text-figs. 2m and n. Millipedes with short, deep rings are more flexible 
than those shaped like Blaniulus ; the latter cannot negotiate pegs as close together, 
relatively, as those shown in text-fig. 1c. The ‘ snake’ millipedes do in fact twist 
and turn in a more conspicuous manner than do most Juliformia, but this is a 
matter of inclination and habit rather than of capacity. 


Dorso-ventral Bending. 


When the body of a juliform millipede is straight, the legs of successive 
rings are well separated (text-fig. 3b and Pl. 52, figs. 9 and 10), and each 
sternal plate can be seen to tip upwards into a deep cavity, limited by the inter- 
segmental membrane. On dorso-ventral flexure the sternite is pulled forwards 
and upwards. This movement is effected by the flexor sternalis muscles, which pull 
on the anteriorly directed ridge of the sternite through their insertion into the 
inter-segmental membrane (text-figs. 3a and c, fi.st.), and by the flexor inferus 
longus, fl.inf.long., both attached to the preceding ring, and by the levator apophysis 
posticae, lev.ap.post., attached to the succeeding ring. Involvens, mus.invol., and 
flexor inferus brevis, fl.in.brev., contribute to this movement. Ventrally the rings 
are pulled together by the paired longitudinal musculus lacuna ventrale, mus.lac.v., 
running the whole length of the body and attached to successive prophragma and 
tracheal pouch regions. The retractor paratergalis, ret.par., doubtless assists this 
movement. The ventral surface of the body thus becomes folded in a zig-zag manner 
as shown in text-fig. 3 a, where each sternite (hatched) is folded against the inter- 
segmental membrane (white), and lies obliquely dorsal and posterior to the preceding 
sternite. The legs of successive rings thus become tightly packed together, limiting 
further flexure. The anteriorly directed slope of the flattened tracheal pouches 
(a.t.p. and p.t.p. in text-figs. 3a and c) allows this folding to take place. It could 
not occur with horizontal sternites as are present in the Polydesmoidea. ; 

The necessary rigidity between the rings of the Juliformia is amply provided 
for by muscles uniting successive prophragma dorsally and laterally (see the 
retractor dorsalis, ret.dor., and retractor paratergalis, ret.par., on text-fig. 3). The 
muscles in the ventral sector antagonize those in the dorsal sector, acting on opposite 
sides of the ball and socket joint. They also antagonize corresponding muscles in 
successive rings. The flexor muscles mentioned above and the rotational muscles 
mentioned below doubtless contribute to the rigidity. en 
, The coxal joint of the leg bears ‘a proximal head projecting into the ring, and 
the narrow neck below the head is gripped by the ring skeleton (text-fig. 3, €.a.) 
in such a manner that antero-posterior swinging of the coxa is freely possible, but 
the head cannot be withdrawn. Only two extrinsic muscles supply the leg, and 
they are inserted on to the corresponding tracheal pouch. The retractor coxae 
is attached to this head which acts as a lever working against the ring skeleton, a 
suitable provision in the cramped available space for extrinsic leg muscles 
(text-fig. 3, ret.cox. and prot.cox.). In the smaller Juliformia with average sized 
legs the segments of the legs are roughly cylindrical in shape, but in the large 
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Poratophilus sulcatus with short legs there is a compensatory deepening of the legs | 
and their basal segments are flattened in the transverse plane. Were it not for | 
this flattening, a tight spiral would be impossible, since the leg bases would occupy | 
too much space. 


Rotation between the Rings along the Long Axis of the Body. 


Rotation of one ring upon the next is mediated primarily by a series of muscles 
extending obliquely from the middle part of the exoskeleton of one ring to the inter- 
segmental membrane of the succeeding ring just short of its origin from the | 
prophragma, the flexor externus dorsalis, fl.eat.dor., involvens, mus.invol. and flexor 
inferus brevis, fl.in.brev., their exoskeletal insertions being shown on ring 5 in text- 
fig. 3 a and on ring 3 in text-figs. 3c and d. The flexor internus dorsalis, /l.cnt.dor., 
antagonizes the larger flexor externus dorsalis, while involvens and flexor inferus 
brevis on the two sides of the body must clearly oppose each other. The insertion 
of these muscles into the intersegmental membrane allows them a little more space 
than would be available were they inserted directly on to the prophragma at the side 
of the retractor dorsalis muscles. The absence of flexores dorsalis internus and 
externus in the Oniscomorpha, where power of rotation between the rings on the long 
axis of the body is slight, suggests that these two muscles may be of particular signifi- 
cance for this well-developed movement in the Juliformia, and that involvens and 
flexor inferus brevis are concerned more with effecting dorso-ventral flexure. The 
exoskeleton is free of muscle insertions posterior to a line a little anterior to the 
waist B, see rings 3 and 5 on text-fig. 3. Only one part of the © ball’ at any moment 
lies anterior to this constriction (text-fig. 1 a) but muscles can only be inserted on the 
exoskeleton anterior to this level. The power of rotation of one ring upon the next 
depends largely upon the cylindrical form of the ball and socket, but is also dependent 
upon muscles holding the ball loosely in place (p. 305). The rings of a preparation 
devoid of muscles can be pushed together so tightly that they become wedged and 
no rotation is then possible. Such compression does not occur in life. 


The inner rim of the prophragma is smooth and bare (text-fig. 3). Fat body 
surrounds the viscera and lies in sheets between and outside the muscle layers. 
When the body flexes, as in text-fig. 3a, the ring volume in the ventral sector 
decreases while that of the dorsal sector increases. The viscera must therefore 
freely shift away from the concavity of any bend and slide along the bare ridges of 
endoskeleton. 

The skeleton and muscles of the Spirostreptomorpha, illustrated here by Gymno- 
streptus and Poratophilus, do not differ in any major feature connected with locomotion 
from other members of the Juliformia. A small difference in the degree of separation 
of the parts of the paratergalis muscles in the Spirostreptomorpha and Juloidea has 
been noted by Silvestri (1903) and is referred to on p. 305, but a similarity of function 
remains. ; 


SKELETO-MuscuLaR SYSTEM OF THE POLYDESMOIDEA. 


Kach ring of Polydesmus forms a complete and rigid unit, longer and less deep 
than in most Juliformia (Pls. 52, 53 and 55, and Table I, column 3), a condition 
associated with the presence of large keels and the need for unimpaired lateral bending 
(see below and p. 359). The simple form of the ball and socket inter-ring joint has 
been noted above. The anterior part of the sternal region is roughly horizontal 
(text-figs. 2 e and h) and does not tilt upwards anteriorly as in the Juliformia (text- 
figs. 2a, j and k, and 3a). Owing to the length of the ring, the ‘ ball’ does not sink 
into the socket as far as the constriction B, and the internal rib of skeleton at the 
junction of pro- and metazonite does not participate in joint formation (text-figs. 2 e 
and h). The joint is strengthened by exoskeletal thi ckenings along the anterior and 
posterior margins of the ring (text-fig. 2 h) 
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Flexibility in Polydesmus, although conspicuous, is not as great as in the Juli- 
formia. A lateral turn of about 25° between successive rings allows as acute a bend 
as 18 convenient to an animal possessing legs which project markedly sideways. 
The gaps which separate successive tergite keels are essential for lateral flexibility. 
Each keel slopes a little upwards towards the posterior end of the ring, and so the 
keels on the concave side of an acute lateral bend overlap each other in the manner of 
vertebrate zygapophyses and thus do not hinder the movement. Shorter rings could 
not carry such large keels. 

The musculature of Polydesmus appears to be a simpler version of the same basic 
plan as seen in the Juliformia. The rings can be held together rigidly by the retractors 
dorsalis and paratergalis running between the anterior margins of the rings on the 
dorsal and ventro-lateral sides respectively. Lateral bending and rotation is mediated 
as before by flexores externus dorsalis and internus dorsalis, but these muscles are 
inserted on to the exoskeleton of the waist B. The shortness of the juliform ring 
necessitates a more anterior insertion for these muscles (see text-fig. 3a). The 
retractors dorsalis and paratergalis must also contribute to lateral bending. Involvens 
and flexor inferus brevis shown in text-fig. 3 a, ring 4, which assist rotation of the 
juliform ring, are represented in Polydesmus by a single large involvens muscle inserted 
on to a localized apophysis (a.i. in text-figs. 2 e, f and i) on the anterior rim of the 
prozonite, which functionally replaces the widespread insertions of involvens and 
flexor inferus brevis of the juliform type. Dorsally the involvens fans out on to the 
upper posterior part of the keel (text-fig. 2 f, dz.) of the preceding ring, the muscle 
thereby gaining a leverage which is impossible to the cylindrical juliform millipedes. 

On dorso-ventral bending the flexor sternalis alone pull the sternite forwards and 
slightly upwards. There are no large flexor inferus longus muscles because each 
sternite is horizontal and cannot therefore be pulled forwards internal to that of the 
preceding ring. A close spiral is thus impossible (Pl. 55, fig. 42), and the degree of 
dorso-ventral bending is controlled by the length of each sternite (see p. 324); the 
movement is, however, facilitated by the absence of any mid-ventral overlap of the 
sternites when the body is straight, and by the length of the tergite being greater than 
that of the sternite (text-figs. 2e and h). More acute bending by the anterior rings, 
achieved by a shortening of the sternites, results in a corresponding increase in the 
exposure of intersegmental membrane when the body is straight. A culmination of 
this tendency is seen in Oniscodesmus (text-fig. 4 f, and p. 321). 

The Polydesmoidea push more powerfully than other millipedes (Table I, column 7, 
Table II, and pp. 326 and 340) and do so largely by their ‘ flat backs’. The form of 
the limbs, skeleton and muscular systems is correlated with this pushing power. 
The exoskeleton is very hard and inflexible. The dorsal surface is increased by the 
formation of keels, and the sculpturing (PI 55, figs. 38-41) must give rigidity to the 
integument. The under surface of each keel is convex in frontal section, a shape also 
conferring strength. The constriction B between pro- and metazonite is bare of 
muscle insertions except for the flexores externus dorsalis and internus dorsalis, and 
does not seem to be primarily an apophysis (text-fig. 2). Its major significance 
appears to be a strengthening rib which can transfer a thrust exerted by the legs to the 
strengthened dorsal surface. In the Juliformia, where the thrust is mainly exerted 
- through the head end, there is no such strengthening rib, and the origin of the legs 
lies anterior to the constriction B and not ventral to it, for functional reasons which 
have already been noted (compare text-fig. 2h with 2 a and c). 

The poor powers of spiralling shown by Polydesmus allows the formation of stouter 
legs than is possible to the Juliformia with short rings and an ability to spiral tightly. 
The adult male P. angustus (text-fig. 2 f and Pl. 55, fig. 38) shows particularly stout 
legs compared with the Juliformia shown here on the plates and text-figures. In the 
pill millipedes (Oniscomorpha) the legs may be large, but they are markedly flattened 
in the transverse plane to allow curling up. The rigid pedigerous lamina of Polydesmus 
forms two transverse bulges lying across the posterior part of the sternal region 
(see text-figs. 2 f and h, and 3e and f, d.p.J. and the middle rings on PI. 53, fig. 22). 
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The limbs are inserted laterally on the ends of these dilatations, and not near the 
middle line as in other millipedes (compare text-fig. 2 f with 2 b, d and p and with 
text-figs. 3 and 4). The coxa is hinged to the ring so that it moves freely in the 
horizontal plane only, as in all millipedes. A strong projecting articulation between 
the coxa and the ring (text-fig. 3 f, art.) is situated below a dorsal tubercle lying just 
above the leg base (text-fig. 2 e, ¢.), and forms a strong point which, with the protractor 
and retractor longus muscles of the coxa (ret.long.cox. and prot.long.cox., text- 
figs. 3e and f), will resist a tendency for the distal end of the coxa to tip upwards 
when the animal is pushing with the dorsal surface. The joints between the coxa 
and prefemur and between the remaining more distal segments of the leg allow 
flexion and extension in a vertical plane but little horizontal movement. 

The spiracles are directed laterally (text-fig. 2.) and not ventrally as in most 
millipedes, and from them the tracheal pouches project inwards, forming a small 
anterior ramus, and a longer internal ramus which sweeps inwards, downwards and 
backwards as shown in text-figs. 2 and 3e. Tracheae arise only from the proximal 
section and anterior ramus, the rest forming a powerful ventral apophysis. 

Four extrinsic muscles to each limb are housed in the dilatations on the sternal 
region d.p.l. The protractor longus coxae and retractor longus coxae, arising from 
the antero-ventral and postero-ventral edges of the coxa respectively, run diagonally 
upwards and forwards, dorsal to the inner rami of the tracheal pouches, to insert 
on the anterior ramus and proximal part of the tracheal pouch of the other side ; 
the retractor is the larger (text-fig. 3 e, prot.long.cox. and ret.long.coz.). Two 
superficial muscles run out transversely from the inner ramus of the tracheal pouch, 
the levator prefemoris, J.pr.fe., passing through the coxa to the dorsal edge of the 
prefemur, and the protractor brevis coxae, prot.brev.cox., which inserts on the 
anterior margin of the coxa (text-figs. 2g and 3e). A powerful retractor brevis 
coxae arises postero-ventrally on the coxa and fans out over the tracheal pouch and 
internal ramus (ret.brev.cox., text-fig. 3 e) situated between the superficial and the 
deep muscles. The depressor prefemoris from the ventral edge of the prefemur 
forms a wide fan over the ventral side and proximal edge of the coxa (text-fig. 3, 
dep.pr.fe.). The contrast between the four coxal muscles of Polydesmus and the two 
which are present in the Juliformia is shown by text-figs. 3 ¢ and e. The intrinsic 
muscles (text-fig. 2 g) consist of a series of flexors all along the leg, but extensors also 
are situated in the basal segments (J.pr.fe. and lev.fe.). The depressor femoris and 
retractor femoris are inserted on to a powerful apophysis projecting well into the 
prefemur. 

The lateral insertion of the limbs and spiracles enables the ventral surface of the 
body to be held closer to the ground than in other millipedes (compare text-fig. 2 f 
with 2 p, 4 d-k and Pls. 52 and 538, figs. 11, 22 and 25). In forcing a way into 
cracks which give way in one plane, both dorsal and ventral surfaces of the 
body may be in contact with the substratum, the legs and spiracles operating in 
the free lateral space. Over rough ground Polydesmus can stand up as shown in 
text-fig. 1, Part 2. 

If the positions of the femur, postfemur, tibia, tarsus and claw shown by the 
dotted line in text-fig. 2 f are adopted, contraction of the depressor prefemoris and 
depressor femoris (text-figs. 2g and 3), and partial relaxation of the distal flexors, 
must raise the body. Contraction of the levator femoris and less bulky but long 
levator prefemoris raises the leg during the forward stroke (Pl. 53, fig. 22). The 
powerful coxal muscles swing the leg forwards and backwards. The positions and 
crossing over of the longus muscles from the ventral edge of the coxa must also 
brace this segment against a force tending to elevate it which may be exerted by the 
distal parts of the limb when the animal is pushing. Thus the form of the legs, 
skeleton and muscles is well suited to exert a powerful downward and backward 
thrust by the legs, resulting when needed in an upward push against the substratum 
by the dorsal surface, 
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THE SKELETO-MuscuLAR SysTEM OF THE ONISCOMORPHA. 


Reference to text-fig. 1 a shows that when the body of a millipede is straight, 
the distances A~A, R-R and X—X from one ring to the next are all equal. When 
the rings flex the distance A!A increases, X1—X decreases, while R-R remains 
unchanged. It has been shown above how elaborate are the ventral modifications 
of the Juliformia which make possible the reduction of the distance X1-X, and 
it is clear from text-fig. 3a that these modifications cannot be carried much, if 
any, further, and a closer contraction of the ventral surface is not possible along 
these lines. The Oniscomorpha have solved this problem of contracting the ventral 
surface in another way. The body of Sphaerotherium dorsale (text-fig. 4d) and 
of Glomeris marginata represents little more than the upper sector of the rings shown 
in text-fig. la, while the body of one of the largest species, Sphaerotherium 
giganteum from Zululand, 60 mm. long, does not exceed a semi-circle in transverse 
section (text-fig. 4). Flexure of the upper half rings in text-fig. 1 a can take place 
with no shortening of the ventral surface, which is now the distance R-R. The 
Oniscomorpha do in fact shorten the ventral surface when flexing, and they thereby 
attain a much tighter coil than is possible in the Juliformia. 

The suppression of most of the ventral half of the body cylinder has necessitated 
many modifications of the basic structures (p. 304). The ‘ball’ is no longer 
_ prevented from sinking deeper into the ‘socket’ by the shape of the preceding 
ring or by a waist B which would be inoperative. This waist is absent from the 
very rigid tergites. Lateral bending is limited, and powers of rotation of one ring 
upon another have been almost abandoned, because such movements cannot. be 
combined with the development of structures needed for acute dorso-ventral flexure 
and the maintenance of rigidity by a half ball and socket joint. 

The extent of the rigid prophragma is limited by the free pleurites and sternites. 
Dorsally the prophragma is well developed, much as in the Juliformia, and an upturned 
ridge along the anterior end of each pleurite represents the ventro-lateral sector of 
this structure (p.r.6 and the white unstippled ridges shown on the 7th, 8th and 9th 
pleurites in text-fig. 8 e). The absence of continuity between these two parts of the 
endoskeleton is compensated for by the presence of a large inward and forwardly 
directed flange, the apophysis squamosi lateralis (ap.s.7, ap.s. etc. on text-figs. 4 d 
and 8 e) from the lower lateral part of the prophragma, which carries muscles linking 
three or four successive rings. 

The tergite is heavily constructed and resists deformation. The general form 
of the pleurite is a flat plate, but the details of its curves give the pleurite much 
greater rigidity than would be possessed by a thin flat plate which might easily 
be deformed by the upward pull of its muscles. Rigidity is also conferred upon the 
flat sternites by their minor curvatures, and by the anterior margins which in 
~ Sphaerotherium curl markedly upwards and backwards forming an apophysis (s.e., 

ext-fig. 8 e). 

4 In the eae of dorso-ventral bending the ventral half of the prophragma is 
functionally replaced in part by a strong tendon, arising externally from a pillar 
on the edge of the tergite, and from the internal aspect sloping anteriorly from the 
_-flexible junction between pleurite and tergite (te.6, te.7, etc. on text figs. 4d and 
8¢). This tendon passes across the prophragma, lying just anterior and ventral 
to the lower border of the apophysis squamosi lateralis, and reaches the apophysis 
of the next anterior ring. 

A shortening of the ventral surface is made possible by overlapping sclerites 
and by five longitudinal hinges marked by black dots in text-fig. 4 d. A pair of 
pleurites is horizontally hinged to the tergite. Two pairs of sternites, bearing 
spiracles and tracheal pouches, lie lateral to the leg bases, the outer margins of the 
sternites being covered by the pleurites. The parts are situated so that the under 
surface is folded like an inverted W in section. The leg bases, elongated transversely 
(Pl. 53, fig. 17), particularly in the larger species (text-fig. 8 e), are almost surrounded 
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TExt?T-FiIe. 4. 


(a-d) Sphaerotherium dorsale (Oniscomorpha), (a) rolled up, in side view. The heavy dotted line 


(e) 


indicates the position of the union between tergites and pleurites, and the lightly dotted line 
shows the margin of the shield (tergite 2) over which the lateral tergite wings of succeeding 
rings fit ; (6) lateral view of three tergites when the body is straight to show their ventro- 
lateral attenuation and the part (hatched) covered in the flexed position ; (c) diagram of the 
ventral aspect of two rings, the legs are cut off, the leg bases, sternites and tergite of one ring 
are heavily stippled ; the parts shown correspond with those seen in fig. d, the preparation is 
slightly stretched to expose the whole of the sternites laterally, their lateral lobes in life tuelk 
under the pleurites ; (d) oblique anterior view of a slice of the skeleton of the middle region of 
the body comprising two tergites and the associated skeleton lying immediately below them, 
a plan of the parts in ventral view is shown in fig. c, the directions in which the inter-ring 
muscles pull are shown diagrammatically, the retractor obliquus dorsalis ‘ ret.ob.d.’ is 
represented by a fan of five lines, and the retractor dorsalis externus ‘ ret.d.’ by three parallel — 
lines, on the animal’s right ; the white interrupted line shows the origin of the intersegmental 
membrane at the anterior end of the ring. 


Anterior view of a ring of Sphaerotherium giganteum for comparison with fig. d, 


(f) Oniscodesmus fuhrmanni (Polydesmoidea) anterior view of diplo-segment, 
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by flexible pedigerous membrane (m. in text-figs. 4c and 8e). The staggered position 
of the parts of one ring are shown by heavy stippling in text-fig. 4c. Successive 
pleurites overlap backwards, while the sternites do so in a forward direction. The 
rounded ridge on the anterior end of the pleurite, p.8.b. in text-figs. 4¢ and d 
slides against and dorsal to the preceding pleurite. When the body flexes dorso- 
ventrally the ventral elements are raised, so that they occupy the level R-R in 
text-fig. 1 a, all pleurites and sternites slide together more closely, overlapping in 
the manner described, and the flexible pedigerous membrane folds so that successive 
legs, which are markedly flattened in the transverse plane in the larger species 
become tightly packed together, and lie back in the space s.le., text-fig. 4 a, which 
is particularly large below the anal segment (see also Appendix). 

_ The closeness of the dorso-ventral flexure achieved by Glomeris and Sphaerotherium 
is well known (text-fig. 4 a and Pl. 54, figs. 32 and 34). The ventro-lateral extensions 
of the tergites are emarginated anteriorly on the outer side (d.e.t. in text-figs. 4b 
and d and see PI. 54, figs. 29-33) and posteriorly on the inner side, v.e.t., so that they 
fit together exactly, covering an anterior flange from the second ring (dotted 
line in text-fig. 4 a, and Pl. 54, figs. 29, 32 and 34) which butts against the lateral parts 
of the pleurites, the whole forming a very resistant ball. As noted by Langner (1937), 
a transverse groove lies just behind the anterior edge of each tergite, and a 
corresponding ridge on the inner side of the overlapping posterior margin. This 
groove in Sphaerotherium dorsale lies just behind an irregular row of coarse spines 
(s.g., text-figs. 4b and d). As the animal rolls up the free posterior overlap of the 
tergite slides forwards over the tergite behind it until the ridge snaps into the groove, 
so locking successive tergites and preventing them opening out too far. 


LEGEND TO TEXT-FIG. 4 (continued). 


(g-t) Polyzonium germanicum (Colobognatha), (7) and (h) show alternative positions of the skeletal 
; elements and legs, in (h) the animal is holding on to the underside of a rock surface ; (7) 
; anterior end of the body in lateral view. 

(j-k) Glomeridesmus mexicanus (Limacomorpha), (j) lateral view of dead specimen showing the 
manner of rolling up, the posterior parts can cover the head end as far as the arrow; (k) 
posterior view of diplo-segment. The prophragma is stippled in black, the inner side of the 
posterior edge of the metazonite situated beyond the origin of the intersegmental membrane is 

: stippled in white on figs. c and d. 
For key to lettering of muscles see legend to text-fig. 8, p. 355. 


A.D. level of articulation of pleurites  pf.l. lateral flat expansion of 
a, and tergites. prophragma. 
ap.s. apophysis squamosi lateralis on 7.2,7.4,7.6, 2nd, 4th, 6th and 10th ring of 
prophragma. r.10. body. 
an.inv.s. pars antica musculus involventis 5.9. spines near anterior border of 
superi. tergite behind which lies a 
B. furrow across ring. groove. 
col. collum. s.le. enclosed space in which legs fold 
d. - mid-dorsal line. back. 
d.e.t. antero-dorsal emargination of  s.7.a. anterior sternite of 7th ring. 
lateral part of tergite. 5.7.p. posterior sternite of 7th ring. 
e. bare inner edge of prophragma. 8.8.a. anterior sternite of 8th ring. 
e.r.2. edge of flange on ring 2 which fits s.8.p. posterior sternite of 8th ring. 
under the lateral projections of  s.9.a. anterior sternite of 9th ring. 
yo the tergites. $.9.p. posterior sternite of 9th ring. 
im. intersegmental membrane. t.r.2, t.r.6. tergites of rings 2 and 6 
m. flexible membrane between respectively. 
sclerites. U8, 0-0. tergites of 8th and 9th ring. 
0.0.m. origin of intersegmental membrane .8.a. anterior tracheal pouch of 8th ring. 
p.6, p.8, p.9.pleurite (paratergite) of 6th, 8th ¢.8.p. posterior tracheal pouch of 8th 
and 9th ring respectively. ring. : 
p.8.b. boss of pleurite of 8th ring which  1.9.a. anterior tracheal pouch of 9th ring. 
slides over and against the 1.9.p. posterior tracheal pouch of 9th 
preceding pleurite. ring. ’ 
pf. prophragma. te.8. tendon arising from tergite 8. 
pf. forwardly directed edge of  ¢e.9. tendon arising from tergite 9. : 
postero-ventral emargination of 


apophysis squamosi lateralis, v.e.t, 
ait ‘ tergite. 


23" 
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The half ball and socket joint between the rings of an oniscomorph cannot | 
prevent the ball from sinking deeper into the socket in the same way as in the} 
Juliformia. Instead the prophragma at the ventro-lateral angles is greatly’ 
expanded (p./fl.) and here the origin of the intersegmental membrane (0.i.m., the: 
black interrupted line in text-fig. 4d) is displaced inwards. The musculature, , 
described below, forms a fairly solid ventro-lateral mass, triangular in section, , 
situated between the pleurites and lateral body wall. The flat expanse of prophragma 
pushes against this muscle mass preventing telescoping of the rings, and the origin: 
of the intersegmental membrane so near to the apophysis squamosi lateralis results : 
in the muscle mass being covered by this tough smooth membrane and thereby ’ 
protected. The resistance afforded to telescoping is less effective than it is in the; 
Juliformia. There are momentary changes in body length of 10 per cent in Glomeris, 
but the body can be well extended when walking fast or when progressing against | 
a load. 

End sternite and tracheal pouch are united around the spiracle, and together’ 
form a rigid whole. From the antero-lateral border of the base of the coxa an. 
upward strut is horizontally hinged in the transverse plane to a projection from 
the tracheal pouch and sternite (text-fig. 8 f, hi.). The hinge allows the coxa to_ 
swing backwards and forwards, and the strut prevents the base of the leg from 
becoming displaced upwards into the body. When the leg is protracted, the 
antero-lateral angle of the coxa butts up against the lobe of the sternite which is 
directed towards the middle line (text-fig. 4 ¢). 

Muscles in the Juliformia are inserted closely on to the surface of the endoskeleton, 
but in the Oniscomorpha they are attached to thick fascia covering the prophragma, 
its apophyses and the tracheal pouches, and the endoskeleton is not readily seen 
from the internal aspect. The muscles of Glomeris have been described by Silvestri. 
(1903). Those of the larger Sphaerotheriwm are described here for the first time ; 
the musculature of S. giganteum and S. dorsale appears to be essentially similar, 
although only the former species has been examined in detail. The muscles are 
shown in text-figs. 4d and 8 e. 

The retractor dorsalis, ret.d., is much less massive than it is in the Juliformia, 
It is largely lateral in position in Glomeris, a few strands extending dorsally towards 
the heart, and in Sphaerotherium this muscle is wholely restricted to the lateral 
region, see section B on text-figs. 8d and e. The shortness of the oniscomorph 
body may have reduced the power required from this muscle compared with longer 
bodied animals. 

The very limited powers of rotation between the rings of an oniscomorph on the 
long axis of the body is correlated with the form of the inter-ring joint, and flexores 
dorsalis and externus dorsalis are absent. 

A bulky retractor obliquus dorsalis, ret.ob.d., is situated internal to the retractor 
dorsalis, inserting on the inner edges of successive prophragmata. Dorsally its 
muscle strands on either side of the heart run longitudinally between the rings 
but laterally the strands fan out antero-ventrally, inserting on the prophragma as 
far down as the apophysis squamosi lateralis. ‘This muscle must providea considerable 
part of the force required to pull the tergites together ventrally, and is complementary 
in its action to the involvens complex. The position of the retractor obliquus dorsalis 
internal to the retractor dorsalis allows more space for its action than would be 
obtained in the external position occupied by the flexores dorsales of the Juliformia 

In the Juliformia the muscles pulling on the ventral half of the prophragma 
which cause dorso-ventral flexure are the flexor inferus longus, involvens and flexor 
inferus brevis (text-fig. 3). The absence of a rigid ventral half to the ring in the 
Oniscomorpha necessitates different insertions for some muscles and alterations in 
others, causing dorso-ventral bending. From the apophysis squamosi lateralis the — 
elaborate involvens muscles pull the ventral parts of the tergites together. The 
pars antica and pars postica involventis superi, inv.s.an. and inv.s.post., extend 
forwards and upwards from the outer face and inner edge of the apophysis to the 
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lateral part of the preceding tergite, and the pars supera and pars infera involventis 

inferr, inv.in.s. and inv.in.in., arising on the tendon from the pleurite—tergite junction, 

extend forwards and upwards to the prophragma and to the ventral part of the inner 

ae ie the apophysis respectively, thus pulling three successive tergites and pleurites 
ogether. 

The lower ends of the tergites in Glomeris and in Sphaerotheriwm are pulled 
together also by the retractor inferus mesotergiti, ret.inf.m., running longitudinally 
between successive prophragmata ventral to the apophyses squamosi laterales. 

_ The muscles which raise the ventral skeleton are much more elaborate in Sphaero- 
therium than in Glomeris. The dorso-paratergalis, dor.par., of Glomeris runs almost 
perpendicularly from the tergite to the middle of the pleurite, arising between the 
insertions of the two parts of involvens superus on the tergite. The sternites and 
tracheal pouches are indirectly raised by this muscle. 

In Sphaerotherium the pleurite, sternites and tracheal pouches are raised by five 
separate levator muscles. The dorso-paratergalis, dor.par., is situated almost as 
in Glomeris but a little more obliquely. Levatores apophyses anticae and posticae 
and levatores sternales anticae and posticae are attached to the dorsal part of the 
inner face of the apophysis squamosi lateralis, and extend obliquely inwards and 
downwards, diverging from one another. Levatores apophyses anticae and 
posticae are inserted on the dorso-lateral ends of the lateral rami of the tracheal 
pouches of the same ring, lev.ap.an. and lev.ap.post., superficial strands of each 
muscle spreading along the dorsal edges of the lateral rami of the tracheal pouches 
lev.ap.an.s. and lev.ap.post.s. 

The strap-like levatores sternales anticae and posticae, situated just ventral 
and posterior to the levatores apophyses anticae and posticae, extend to the 
postero-lateral margins of the sternites just behind the tracheal pouches, but owing 
to the staggered position of the sternites, levatores sternales anticae and posticae 
from one tergite run to the posterior sternite of the same ring and to the anterior 
- sternite of the following ring respectively. 

The pulling together of the ventral elements in Glomeris is effected by the 
retractor paratergalis, ret.par., running longitudinally between the upturned anterior 
rims of the pleurites, and by muscles between the tracheal pouches. In Sphaero- 
therium a similar retractor paratergalis muscle is the smaller and most external of 
three performing this function. From the anterior edge of the pleurite a bulky 
flexor inferus longus externus, fl.in.long.ex., runs forwards and outwards through 
the preceding ring to insert on the lower inner border of the apophysis squamosi 
lateralis. A flexor inferus longus wnternus, fl.in.long.in., from the same origin on 
the pleurite runs forwards and outwards through two rings to insert on the lower 
border of the next apophysis squamosi lateralis. The component strands of the 
- flexor inferus longus internus are united by a tendon situated transversely through 
the muscle half-way along its length, tying its edge to the upturned rim of the 
pleurite which it crosses (tendon not shown in text-fig. 8e). These two muscles 
are comparable with the flexor inferus longus of the Spirostreptomorpha, although 
differing in details (see p. 311). 

The longitudinal pulling together of the tracheal pouches in Glomeris is effected 
by the broad musculus apophysis sternalis externus running between successive 
lateral rami, and by the narrow musculus apophysis sternalis internus between. the 
small internal rami of the tracheal pouches. In Sphaerotherium the two rami of the 
tracheal pouches are about equal in size and lie in the transverse plane, l.7.t.p. and 
ir.t.p., in text-fig. 8e, and the musculi apophyses sternales internus and externus, 
a.s.in. and a.8.ez., are more equal in size, forming horizontal sheets uniting the dorsal 
margins of the tracheal pouches. Differential contractions of these muscles shift 
the tracheal pouches backwards and forwards (see below). 

When the ventral surface of the body is raised, each pair of tracheal pouches is 
pulled together by the long and narrow pair of sternalis intersecautus muscles, st.int., 
in both Glomeris and Sphaerotherium. These muscles run from the antero-dorsal 
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margin of each internal ramus of the tracheal pouch across to the opposite side of | 
the body, inserting on the junction of the flexible pedigerous membrane and the 
anterior border of the coxa. | 

The locomotory movements of the Oniscomorpha include a backward and forward ) 
sliding of the coxae and tracheal pouches, the backward shift contributing a | 
locomotory thrust (see p. 338). In Sphaerothervwm an. obliquus medius, ob.m., extends 
obliquely forwards from the apophysis squamosi lateralis to the postero-ventral 
border of the lateral ramus of the posterior tracheal pouch of the preceding ring. 
A much shorter obliquus anticus arises from two zones on the anterior part of the | 
pleurite and runs forwards and upwards to the corresponding position on the 
anterior tracheal pouch of the same ring. Contraction of these two muscles must 
pull the tracheal pouches backwards, besides stabilizing the free ventral elements. 

In Glomeris the form and slope of the rami of the tracheal pouches differ from 
Sphaerotherium (see Silvestri, 1903, fig. 320). Obliquus anticus runs from the 
anterior margin of the pleurite to the anterior tracheal pouch of the preceding ring, 
and its contraction must pull this pouch backwards, as in Sphaerotherium. _ The 
alternate pouches however have no muscle giving a comparable pull. The obliquus 
medius runs backwards from the middle of the pleurite, and not from the apophysis 
squamosi lateralis, to the lateral ramus of the posterior tracheal pouch of the same 
ring, and must be concerned with the stability of the ventral parts in the absence of 
the set of four levator muscles possessed by Sphaerotherium. 

The protractor and retractor coxae muscles run directly up from the anterior and 
posterior margins of the coxa to the corresponding internal ramus of the tracheal 
pouch (compare Silvestri, 1903, fig. 320 with text-fig. 8 e). Since the coxa is inserted 
largely on to the flexible pedigerous membrane (see above) there is need for the coxa 
to be kept in alignment with the moving tracheal pouches. In Sphaerotherium the 
obliqui sternales externus and internus perform this function. Obliquus sternalis 
externus, ob.st.eat., forms a sheet running between the antero-ventral border of the 
lateral ramus of the tracheal pouch and the anterior edge of the sternite (see the 
posterior sternite of ring 7, s.7.p., in text-fig. 8e). It is balanced by obliquus 
sternalis internus, ob.st.int., which forms a sheet between the postero-ventral border 
of the inner ramus of the tracheal pouch and the junction of the anterior border of 
the coxa with the pedigerous membrane. Contraction of the retractor coxae would 
tend to pull the coxa upwards were it not for the presence of the obliquus sternalis 
internus, which ensures that the protractor coxae fully protracts the leg. :In 
Glomeris there is but one such muscle, the obliquus sternalis anticus. It must give 
comparable effects although it does not correspond exactly with either of the obliqui 
sternales of Sphaerotherium. The obliquus sternalis anticus of Glomeris runs back- 
wards and inwards from the posterior part of the lateral ramus of each tracheal pouch 
to the junction of the pedigerous membrane and anterior border of the following coxa, 
In both Glomeris and Sphaerotherium a retractor prefemoris runs from the inner 
edge of the prefemur up to the internal rumus of the tracheal pouch (not shown in 
text-fig. 8 e.) 

The skeleto-muscular system of the Oniscomorpha is remarkable in three respects. 
The free ventral elements and their muscles not only enable a tight dorso-ventral 
flexure to take place, but also allow the leg bases to be pulled backwards during the 
backstroke (p. 338). Additional muscles, besides the intrinsic and extrinsic leg 
muscles, are thereby made available for locomotory purposes. All the muscles 
running between the tracheal pouches, and from the tracheal pouches to other parts 
i the skeleton, must be concerned to different degrees in supplying this additional 

orce. 

Secondly the heavily constructed legs are inserted mainly on to flexible membrane, 
and are united with the skeleton by a single narrow strut, a most unusual condition 
for an arthropod with a heavy integument. The extrinsic leg muscles are spread over 
a wide coxal base, and if acute bending of the body is to be achieved, there is no space 
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available for rigid skeleton between the legs antero-posteriorly. The lateral shift of 
the sternites has made possible both stout leg bases and tight rolling up, and the 
elaborate series of muscles described above has made this type of limb insertion 
practicable. 

The third striking feature is the linking together by the apophysis squamosi 
lateralis of a greater number of rings than is usual in millipedes. For example, the 
apophysis on the 9th ring of Sphaerotheriwm is united to the 8th tergite by the two 
parts of involvens superus, to the 8th posterior tracheal pouch by obliquus medius 
to the 9th anterior and posterior tracheal pouches by two levators, to the 8th posterior 
and 9th anterior sternites by two levators, to the 10th pleurite and tergite by the 
two parts of involvens inferus and to the 10th and 11th pleurite ridges by the two 
retractor inferus longus muscles (see also p. 328). 

A convergent resemblance is shown between the Oniscodesmidae among the 
Polydesmoidea and the Oniscomorpha. Oniscodesmus is remarkably like Sphaero- 
thervwm in general features and can roll up fairly tightly (Silvestri, 1903, fig. 1). Hach 
ring is short and shaped like a half-cylinder in section (text-fig. 4 f) with narrowing 
emarginated lateral wings as in the Oniscomorpha. Onrolling up, the tips of these 
wings fit over a flange from the enlarged second ring as in Sphaerotherium. The 
inter-ring joints latero-ventrally form almost flat articulating facets instead of the 
deep ball and socket-like structures of other Polydesmoidea. The legs are less long 
than in Polydesmus and they fold back as in the Oniscomorpha into the space within 
the lateral wings (text-fig. 4f). The ventral surface is rigid, as in other Polydes- 
moidea, unlike that of the Oniscomorpha. Rolling up is made possible by the sternal 
zone approaching the level R-R in text-fig. 1 a relative to the tergite, and by the 
rigid sternite being very short and separated from the next by a long intersegmental 
membrane. On dorso-ventral flexure the sternites pack together so that successive 
leg bases touch each other and the dorsal joints open out where the tergites overlap 
greatly, as in the Oniscomorpha. 

In the Limacomorpha, which with the Oniscomorpha form the division Opisthan- 
dria, the power of rolling into a ball is less perfect, although Glomeridesmus, with more 
segments than the Oniscomorpha, spirals fairly tightly (text-fig. 4 and Pl. 54, fig. 35). 
The form of the ring is superficially just as it is in the Oniscodesmidae, and in both the 
tergite portion of the rigid ring is 2-5 times the length of the sternite. The rings allow 
acute dorso-ventral bending but little lateral turning. A ring of Oniscodesmus 
(Polydesmoidea) is shown in text-fig. 4 in anterior view for comparison with the 
posterior view of a ring of Glomeridesmus (Limacomorpha) in text-fig.4k. The 
convergent similarity between these groups is correlated with the solving of problems 
presented by rolling up in a similar manner. The ventral regions of Oniscodesmus, 
Sphaerotherium and a juliform millipede show three different methods of achieving 
marked dorso-ventral bending (see also p. 324). 


THe SKELETO-MuUSCULAR SYSTEM OF THE NEMATOPHORA. 


The British Polymicrodon polydesmoides shows a remarkable convergent 
resemblance to Polydesmus (Pls. 53, 54, figs. 18 and 28), although possessing 
- fundamental structural differences, Craspedosoma rawlinsi (Pls. 58, 55, figs. 20 and 
45) has smaller keels and a slightly more juliform-like appearance, and keels are 
lacking in Microchordewma scutellare. Their bodies are constructed so as to exert 
a powerful push largely by means of the * flat back "as in the Polydesmoidea, and 
comparatively little force appears to be exerted in a juliform manner by the head 
end. Three pairs of spines on each ring are directed upwards and sideways in 
Microchordewma and are carried out by the keels in other species. The relatively 
large spines of Microchordewma are inserted on thickenings of exoskeleton, they can 
bend over at the bases, and the tips are very flexible ; _ thus overlying litter cannot 
be impaled upon the spines. The anterior part of the body tapers more Barked 
than in the other orders so far considered (compare Pls. 52, 53, 55, figs. 9, 10, 18, 20, 22 
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~ and 38) and the head, collum and marked ‘ neck ’ are less fitted to bear a powerful 
thrust than are the corresponding parts of the Juliformia. The tapering body 
enables the head end to be free when the thicker middle region of the body may be 
exerting a thrust on overlying dead leaves, as in the Polydesmoidea. The 27 leg- 
bearing rings are a little shorter and deeper than in the Polydesmoidea, and the 
overall shape of the body is a little longer (see p. 360). ; 

The inter-ring ball and socket joint is as simple as in the Polydesmoidea, but 
owing to the ventral discontinuity of the sclerites and the tergal hoop being capable 
of slight deformation, the skeleton itself cannot entirely prevent one ring from 
telescoping into the next, and this contingency is controlled by muscles. However, 
the animals do not appear to use bulldozer-like tactics to the extent employed by 
the Juliformia, and therefore the need to resist a tendency to telescope cannot be so 

reat. 
; Lateral bending occurs as in the Juliformia. The keels of Polymicrodon are 
smaller than in Polydesmus and butt close to each other on the concave side of a 
bend, the angle of flexure at each joint being less since the length of the ring is 
proportionately less (see the Juliformia, p. 310). ett 

The Nematophora resemble the Juliformia in their power of spiralling tightly, 
but the provisions which allow of acute dorso-ventral bending differ from those 
existing in the groups so far considered. Each diplo-segment possesses two free 
median sternites, each of which carries a pair of legs posteriorly, as seen in text-fig. 2 0. 
When the body is straight the successive legs are equidistant from one _another 
(Pls. 53, 55, figs. 20 and 45) and are not situated at alternate sized intervals 
as in the Juliformia (see text-fig. 36 and Pl. 52, figs. 9 and 10). Ventrally the 
sternites are overlapped on either side by the tergite, and the sternites and their 
tracheal pouches slope upwards and forwards in a manner not unlike that of the 
rigid sternites and tracheal pouches of Juliformia (see text-fig. 3a). The necessary 
reduction of the ventral surface on dorso-ventral bending (text-fig. 1 a) is accom- 
plished by the sternites sliding over one another from before backwards: that is, 
in the opposite direction from that taken by the sternites of the Oniscomorpha. 
The movement continues until the posterior margin of one sternite impinges on the 
median papilla situated between and slightly anterior to the leg bases on the 
succeeding sternite (text-fig. 20 and Pl. 55, fig. 45), so keeping the edge of each 
sternite from pressing directly upon the legs. Only a small exposure of the sternite 
remains, and the pairs of legs become tightly packed together. As in the Onisco- 


morpha the leg bases are moved posteriorly during the backstroke (p. 338), the 
sternites sliding over one another. 


The skeletal features of the Polydesmoidea 
(p. 313) are also present, but in a less marked d 
of many Nematophora Chordeumoidea. 

Silvestri (1903) has described the muscles of Callip 
do not differ in essentials from those of Pol 
not been investigated here. Since the sternites must be prevented from sinking 
upwards into the tergal hoop when the animal is exerting a push by the dorsal 


surface, a more elaborate complement of muscles would be expected to be present 
in the Nematophora than in the orders so far considered. 


In Callipus the inter-ring muscles, retractor dorsali 
are present as in the Juliformia (text-fig. 3a), the presence of the latter being 
associated with the spiralling ability, in contrast to the Polydesmoidea, where this 
muscle is absent. The flexor externus dorsalis is present as in a juliform and the 
involvens is represented by the involvens medius. A juliform-like levator apophysis 
posticae is present, but in addition there is a levator apophysis anticae, both sternites 
being free. An elaborate additional series of involvens muscles is present, as in 
the Oniscomorpha, but differing from the latter in details, made necessary in both 
cases by the free ventral elements. In Callipus involvens inferus, involvens inferior 


which resist dorso-ventral pressure 
egree, on the tergal part of the ring 


us foetidissimus which probably 
ymicrodon or Craspedosoma, which have 


s and flexor inferus longus, 
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and involvens superus pass from the upper parts of one ring to the anterior tracheal 
pouch, the pedigerous lamina and anterior margin of the following ring respectively. 

The tracheal pouches and sternites are pulled together, increasing their overlap, 
_ by the large musculus apophysis sternalis running from one tracheal pouch to the 

next. This muscle corresponds functionally with the musculi apophyses sternales 
externus and internus of the Oniscomorpha. The two dorso-sternal muscles of the 
Oniscomorpha, obliquus anticus and obliquus medius, are represented by six muscles 
extending in different directions from the apex and from the base of the tracheal 
pouches to several parts of the pleural region of the ring, in addition to the already 
mentioned levatores apophyses anticae and posticae. Musculus inferior lateralis 
anticus apophysis posticae, musculus inferior lateralis posticus apophysis posticae 
and musculus inferior apophysis sternalis anticae run almost vertically down to 
the edge of the paratergite (see Silvestri, 1903, figs. 319 and 324), so preventing the 
legs from pushing the sternites upwards. 

The extrinsic limb muscles in principle resemble those of Polydesmus although 
differing in details, a similarity probably correlated with the ability to push by the 
dorsal surface. Four coxal muscles are present, the protractor longus coxae and 
retractor longus coxae crossing over to the opposite side, as in the Polydesmoidea. 
Length for these two muscles is made possible by the antero-dorsal elongation of 
the tracheal pouches and their apophyses, while length in the Polydesmoidea results 
from the more lateral insertion of the limbs. The protractor longus coxae of the 
Nematophora, arising from the external proximal angle of the coxa, extends to the 
apex of the apophysis of the tracheal pouch of the following sternite, a condition 
associated with the need for leverage and the shorter ring in the Nematophora. 
As in the Juliformia the insertion of the coxa into the ring is narrow and the coxa 
is provided with a lever-like flange. 


SKELETO-MUSCULAR SYSTEM OF THE COLOBOGNATHA. 


There is greater variation in external form in the Colobognatha, most of which 
are tropical, than in other orders of millipedes. Dolistenus savii is extremely long 
with about 87 rings, the keeled terga superficially resembling those of Polydesmus 
and Polymicrodon, while the British Polyzonium is shorter and ‘ fatter’ than most 
juliform species. 

The narrow head of Polyzoniuwm is ventrally directed and the dorsal part of the 
collum is turned forwards, almost as in a juliform species when pushing (text-fig. 4 7 
and Pl. 54, figs. 36 and 37). Polyzoniwm probably pushes mainly from the 
anterior end, and the collum, although small, forms a resistant cap at the front end, 
but owing to the marked anterior tapering of the body, the push is transferred to 
the dorsal side. Many of the functional principles governing the morphology of the 
several orders of millipedes considered above are employed together by Polyzoniwm. 
The tergites form fairly firm half cylinders, each hinged horizontally to a pair of 
pleurites, and two median sternites carrying the legs lie between each pair of 
pleurites. The sternites and pleurites are separated by flexible membranes.. Each 
tergite tapers anteriorly, but forms neither a prophragma nor a rigid ‘ einschub- 
cylinder’ as in the Juliformia, Polydesmoidea and Nematophora. In the dorsal 
photograph, Pl. 54, fig. 37, each tergite shows two high lights, between which lies 
the furrow B, which functions as in the Juliformia in resisting antero-posterior 
compression, but owing to the many flexible joints to each ring, the resistance in 
Polyzonium is less effective. The intersegmental membrane uniting one ring with 
the next is roughly cylindrical, while the hinge between the metazonite section of 
the tergite and pleurite (posterior to the furrow B in text-fig. 47) forms on either 
side an outwardly directed projection, resembling in miniature the keels of the 
Polydesmoidea and Nematophora, although morphologically more ventral in position. 

Each ring can alter its shape (text-figs. 4 gy and h). The more circular sectional 
form is shown by the skeleton devoid of muscles and by the animal when longitudinally 
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contracted or when twisting one ring upon another. The intersegmental membrane 
during such rotation can remain cylindrical in spite of the lateral angle in the 
metazonite, and the absence of a prophragma or other rigid internal flange shaped 
like the metazonite is doubtless correlated with the retention of marked powers of 
rotation of one ring upon another, in contrast to the Oniscomorpha. 

The more flattened sectional form of the ring is shown by animals walking fast 
or spiralling tightly, or after the laying of a batch of eggs, but the most extreme 
flattening is shown by animals resting on rock surfaces in a chiton-like manner 
(p. 353). The curvature of a tergite can be altered giving a 10 per cent increase in 
body width. A raising of the ventral parts of the pleurites and of the sternites 
decreases the depth of the body, and gives the greatest cover for the legs. It has 
already been shown how an approximation of the body to a dorsal half cylinder, 
results in less intake of ventral surface being necessary in acute dorso-ventral bending. 
Thus the shape changes of Polyzonium combine the advantages of the cylindrical 
ring of the Juliformia with those of the rings approximating to a half cylinder in 
the Oniscomorpha and others, but this combination, achieved by freely moving 
joints, gives a lower overall rigidity to the body (see p. 303) and must limit the 
pushing powers. In the spiral position the sternites do little more than pack tightly 
together in contrast to their marked overlapping in the Nematophora and 
Oniscomorpha, and the spiral is less tight (Pl. 55, fig. 47). 

The muscles of Siphonothinus argentinus have been outlined by Silvestri (1903) 
and those of Polyzoniwm probably do not differ greatly. A retractor dorsalis and 
a flexor inferus longus run between successive tergites and sternites respectively 
and are inserted on to their anterior margins. Movement between the rings and the 
raising of the ventral parts is mediated by involventes inferior, medius, superus and 
inferus running from the tergite to the pleurite, and to the pedigerous lamina of 
the following ring. The involvens complex mainly raises the ventral elements while 
in the Oniscomorpha it entirely serves the pulling together the ventral ends of the 
tergites. In the Nematophora the involvens muscles both raises the ventral elements 
and approximate the rings ventrally. A single pair of muscles moves the tracheal 
pouches and sternites of Polyzonium (see Verhoeff, 1928, fig. 728). The coxal 
insertion of the leg on the ring is wide, and there are only two extrinsic coxal muscles. 
(For leg structure and coxal sacs see p. 356 and text-fig. 8 c.) 


STRUCTURES PERMITTING THE SprraL Posrrion. 

An ability to spiral tightly is most perfect in the Juliformia (Pl. 55, fig. 44) where 
the outer whorl can lie either outside or superimposed on the inner, giving a very 
compact form. This ability is least developed in many Polydesmoidea ; Polydesmus 
spirals loosely at the anterior end only (Pl. 55, fig. 42). The nematophoran 
Craspedosoma spirals fairly tightly, as does Lysiopetalum (see Lohner, 1914, pl. 10, 
figs. 22 and 23), but the Polydesmus-like Polymicrodon spirals but loosely, and does 
so most readily at the anterior end, thus resembling Polydesmus or a partially curled 
Lysiopetalum (Lohner, 1914, pl. 10, fig. 24). Polyzonium spirals less tightly than 
the Juliformia and assumes its tightest position with reluctance (Pl. 55, fig. 47). 

Verhoeff (1926) noted that rolling up in millipedes is accompanied by a ventral 
‘ erumpling ’, and Attems (1926) pointed out the correlation between short sternites 
and a marked ability of dorso-ventral bending. It has been shown above how the 
ability to spiral is dependent upon four features enabling a ventral shortening of the 
body to take place. (1) Short sternites make possible the spiralling of the Oniscodes- 
midae (Polydesmoidea) and Limacomorpha, and the anterior rings of Polydesmus show 
shorter sternites than the posterior rings. (2) The Juliformia achieve a coil by means 
of their tilted sternites. (8) The Oniscomorpha, Nematophora and Colobognatha 
all use free sliding sternites. (4) The Oniscomorpha, Limacomorpha, and isolated 


examples among other groups tend to reduce their bodies to a dorsal half cylinder 
which facilitates bending. 
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In the Juliformia the nodding movement between the head, the first and the 
second segment takes precedence over movements in other planes which are slight. 
The levator and depressor muscles are massive while the flexor muscles are small 
(Silvestri, 1903). The four features referred to above which reduce the ventral surface 
in the several orders of millipedes are all seen at the anterior end of the Juliformia. 
The skeletal rings are interrupted ventrally on segments 1-3, forming hoops in the 
manner shown on text-fig. 2d, each ending in pointed flanges which can overlap so 
as to leave only the ruled facets exposed in a manner reminiscent of oniscomorphan 
tergites (text-fig. 4b). The fourth segment possesses a narrow ventral bridge. 
The sternite of segement 1 (collum) forms the hypostoma, hy (s.1), and the sternites 
of segments 2 and 38 are free, flat and tilted, forming plates no thicker than the legs 
they carry at their free ends. The sternites are united by long stretches of inter- 
segmental membrane. The width of the body anteriorly is little narrower than it 
is in the middle (Pl. 53, figs. 23 and 24), the collum being slightly wider than the 
second segment, but the depth of the anterior rings is less than in the middle region 
of the body (Pl. 52, figs. 9, 10, 11 and 16) and much of the flexible intersegmental 
membrane (heavily stippled in text-fig. 2 d) lies near the level R-R in text-fig. 1a, where 
least reduction of the ventral surface is required. The British Juloidea resemble 
the Spirostreptomorpha in these respects, and the Spiroboloidea, although showing 
the same type of modifications, differ in detail. Since a posterior position of the legs 
is necessary for the accommodation of the head in the spiral position, the possession 
of two free sternites anteriorly eliminates the presence of a long uninterrupted stretch 
of soft integument behind the head ventrally when the body is straight. The 
single free sternite of segment 2 of Polydesmus (text-fig. 27, s.2) serves the same 
purpose. ‘The Oniscomorpha tuck the head well in on assuming the ‘ pill’ position. 
Ring 2 (the shield) of Sphaerotherium lacks a rigid pleurite, the first three sternites 
extend forwards, one outside the next, at the sides of the head and the head itself is 
short. 
There is as yet no agreement concerning the nature of the apparently single 
anterior segments of millipedes (see p. 349). If they are indeed modified diplo- 
segments which have undergone reduction in the number of their limbs, the 
requirements for tight coiling may have been correlated with such a reduction. 
Reference to text-fig. 2 d and Pl. 55, fig. 44 shows the small length occupied by the 
ventral surface of the anterior rings in the spiral position of the Juliformia. The 
head when tucked in extends back to a level just in front of the two pairs of legs 
on ring 5. If the number of legs on rings 2-4 was doubled, the ventral surface could 
not be longitudinally compressed anteriorly to the extent shown, the head and anterior 
legs could not pack into so small a space, and consequently the body coil could not 
be so tight. The head in the Colobognatha is smaller than it is in all other millipedes 
(compare Pls. 52, 53, 54, figs. 9, 22, 26, 31 and 36 and text-figs. 2 d and 4 2), it projects 
backwards less far in the flexed position, and in consequence there is room for two 
pairs of legs on ring 4 (as also suggested by Brélemann, 1935), in contrast to the 
Juliformia, Oniscomorpha and Nematophora. In the Polydesmoidea with longer 
rings the stoutness of the legs still leaves no room anteriorly for more limbs without 
loosening the coil. Verhoeff (1901 ¢ and 1926) has maintained that a second pair 
of legs on ring 4 has become converted into parts of the genital opening, a view not 
shared by Attems or Brélemann. Functional reasons for the evolution of diplo- 
segments are considered on p. 348. 


THE CoLLUM AND KEELS AND THE ABILITY TO PUSH. 


The head in all millipedes is inclined antero-ventrally from the first segment, the 
tergite of which forms the collum (Pls. 52-55). In the Juliformia the collum is much 
longer dorsally than any other ring, and curves round the head on either side, ending 
ina lateral point (Pls. 52and53), completing a little more than a dorsal semi-circle (text- 
fig. 2d). A strong inner transverse ridge lies at the level r on either side of the 
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collum. A socket is thereby formed for the head capsule, and the skeletal diaphragm 
partly covering the posterior face of the head fits into collum as occipital condyles 
fit into an atlas. A flat articular facet on either side of tergite 2 fits against the 
posterior side of the ridge r forming a second occipital condyle-like joint. The 
lateral facets on the second tergite resemble, in general form but not in detail, those 
of the Oniscomorpha, where again the dorso-ventral movement is the most important. 
The facets are most clear cut in the larger species. 

The form of the collum in the Juliformia is suited to their bulldozer-like habit 
of pushing head on into leaf mould. The head end of the body when pushing against 
a resistance is held as in Pl. 52, fig. 16, and fig. 26 shows almost the same position 
except for the antennae ; the middle of the dorsal surface of the collum lies at right 
angles to the direction of motion, and on an axis passing through the middle of the 
major part of the body. Such a stance is the most suitable for the transmission of 
the thrust from the legs, and the overlap of both head and second tergite by the 
collum suitably protects the joints between these parts. The antennae lie back 
with their distal ends, used for tapping the ground when walking, well away from 
contacts and giving also some protection to the eyes. The head capsule gives cover 
for the anterior pairs of legs. : 

The collum in Polyzoniwm functions in principle as it does in the Juliformia, but 
it is much smaller, less strongly constructed and lacks the neatly shaped articulations. 
The body tapers markedly at the anterior end (Pls. 54, 55, figs. 37, 48 and 49). Such 
features are correlated with the minute size of the head. 

In the Oniscomorpha the collum is small and its overlap of the head and succeed- 
ing ring is slight, forming a neatly butting-up joint. When the head is extended 
in walking (Pl. 54, figs. 29 and 31) the collum forms an oblique loosely fitting cap 
across the back of the ‘ neck ’, but when the head is retracted the collum and anterior 
surface of the head together form a flat plate at the anterior limit of the shield (fused 
second and third tergites) (see Pl. 54, fig. 33). Possibly the animal exerts a weak 
push by the head, but the eyes are here fully exposed. A more powerful push is 
given by the shield when it is turned so that its dorsal surface becomes anterior, 
the head and collum facing ventrally (Pl. 54, fig. 33). The shield then functionally 
represents the collum of the Juliformia in transmitting a forward thrust. 

The anterior ends of the Nematophora and Polydesmoidea are far less suited for 
pushing than in the orders just mentioned. The cheeks of the head capsule, and not 
the collum, form the widest anterior part of the body (Pls. 54, 55, figs. 28 and 38). In the« 
species considered here the collum is no longer than the succeeding tergites (Pls. 53, 55, 
figs. 18, 20, 22 and 38), its lateral extent is less, and it forms a cap over the back of 
the ‘neck’. The collum could not take much of a forwardly directed thrust (compare 
text-fig. 27 of Polydesmus with the juliform in Pl. 52, fig. 16). In Polydesmus the 
flat dorsal part of the collum is in series with the succeeding tergite keels, and the 
small pleurite uniting the lateral wing of the collum with the hypostoma below supplies 
the dorso-ventral rigidity which is useful in pushing with the ‘flat back’. Little 
lateral movement occurs between the head and collum, the posterior part of the head 
capsule fitting into a hollow on the lateral wing of the collum (c.h. in text-fig. 2 7) 
and butting closely on to the antero-lateral part of the second ring. These facets 
are shown unnaturally far apart in the figure, where the head is pulled forwards to 
display them. The support for the head provided by the collum and second segment 
leaves the animal capable of pushing forwards to some extent as well as upwards, 
but no evidence has been obtained to show that Polydesmus does in fact push forwards 
much with the head. 

The Nematophora are even less suited for head-on pushing. The lack of union 
between the collum and hypostoma leaves a narrower and more flexible ‘ neck ’, 
allowing greater movement both in front and behind the collum, although the 
nodding movement still predominates. Verhoff (1926) has suggested that the anterior 
dorsal process on the collum of the Nematophora facilitates freedom of movement 
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ofthe head. The lateral flexibility of the ‘ neck ’ is more conspicuous in Craspedosoma 
rawlinst than in Polymicrodon polydesmoides, and both have good eyes in contrast 
to the blind Polydesmus. The Nematophora are also the fleetest millipedes which 
have been studied here. It is possible that the presence of eyes, faster running, 
and a tendency towards a carnivorous diet (p. 361) makes a flexible neck desirable, 
but this being gained, the animals can no longer push effectively by the head end. 

The Nematophora Chordeumoidea and the Polydesmoidea do not burrow by 
pushing the head end into soil and leaf mould as do the Juliformia. The legs project 
too far for such a habit to be possible. The basic speciality appears to be the ability 
to push a way through matter which splits open along one plane, as does the damp 
layered mass of semi-decayed leaves on a woodland floor, or the bark and wood of 
decaying logs. The push is applied mainly by the dorsal surface or ‘ flat back ’, 
the keels when present providing both protection for the legs and a surface of 
application for the force. The British Nematophora occur in similar habitats, and 
their leg lengths appear to be correlated with the size of the keels. Muicrochordewma 
lacks keels and has shorter legs than Craspedosoma, and Polymicrodon has both 
longer legs and larger keels than Craspedosoma (see Table 1, column 4). Since longer 
legs increases the pushing power of millipedes (p. 341), the development of keels 
must facilitate the aquisition of power as well as providing an increase in the pushing 
surface. 

The evolution of keels has occurred several times in millipedes. The keels of the 
Polydesmoidea and of those Nematophora which possess them are very similar, 
and the rings in both are constructed in a manner suitable for the transmission of a 
thrust from the legs to the dorsal surface (pp. 313 and 352). The keels occurring in 
some Colobognatha are exaggerations of the projecting junctions of the tergites 
and pleurites seen in Polyzonium (p. 323). They also extend the dorsal surface and 
give cover for the legs, but the more ventral position of these keels may be related 
more with chiton-like habits than with protecting the legs during pushing by the 
dorsal surface (p. 353). 


SKELETAL AND MuScULAR SYSTEMS. 


Thus the skeleto-muscular systems of millipedes are based in the main upon a 
common plan, which is modified in detail in the several groups in relation to different 
needs. In all groups adequate structures exist which will (1) transmit a pushing 
force to the head end or to the dorsal surface ; (2) resist deformation and telescoping 
of the body segments ; (3) combine strength with considerable flexibility of the body ; 
and (4) permit a close or less close dorso-ventral flexure of the body. The latter 
feature is developed to different degrees and by different means in the several groups. 
Convergent similarities exist between members of distantly related groups (p. 358). 

The musculature of the Colobognatha is the simplest shown by the several 
orders, and there are no elaborate endoskeletal features. Apart from the involvens 
muscles, this simplicity is probably primitive (see also p. 357). In other orders 
endoskeletal ridges for muscle attachments are variously developed, and are most 
conspicuous in the Juliformia and Oniscomorpha, and most specialized in the latter 
ee the basic plan of the trunk musculature of Diplopoda differs from that of most 
Annelida and Arthropoda in two respects. Apart from the slender musculus lacuna 
ventrale of the Juliformia and the retractor inferus longus internus of Sphaero- 
therium, muscles do not cross more than one joint. The form of the skeleton and 
the development of the prophragma has subdivided almost the whole of the longi- 
tudinal musculature, and modified the insertions of many muscles. 

Secondly, extrinsic leg muscles need to have access either to a lateral body wall, 
or to ventrally situated apodemes of some kind for their insertions. Peripatus and 
many Crustacea show examples of the lateral body wall being used in this manner. 
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The mid-ventral origin of the legs in millipedes and the shape of their rings render 
exoskeleton unsuitable for the limb-muscle insertions; the lateral body wall is 
inconvenient to reach, and the latero-ventral region, were it used extensively, would 
necessitate the muscles pulling almost at right angles to the base of the limb. The 
insertions of the limb muscles on to the tracheal pouches allow these muscles to 
pull at advantageous angles from the leg bases. The development of endoskeleton 
in the form of tracheal pouches is thus as important for the limbs as for the tracheae, 
and may be correlated with the need for approximately mid-ventral limb insertions, 
which result in a minimum lateral projection of the legs (see also pp. 342 and 358). 

The effect of size on the skeleto-muscular systems of millipedes is well shown by 
the differences between the Juloidea and the larger Spirostreptomorpha and by 
those between Glomeris marginata and Sphaerotherium giganteum. Skeletal facets 
and apodemes are more pronounced in the larger animals ; and legs may be wider 
and flatter, so accommodating muscles with relatively greater sectional areas which 
will provide adequate power for the heavier millipedes. 

The muscles of Sphaerotherium are not only larger representations of those 
present in Glomeris, but there are more of them. Five levator muscles take the 
place of the dorso-paratergalis of Glomeris, and three muscles correspond with the 
retractor paratergalis of Glomeris. That these differences are related to size rather 
than to phylogeny is suggested by the presence of an undivided retractor paratergalis 
in both Glomeris and the Juloidea, and the parallel occurrence of additional flexor 
inferus longus muscles, differing slightly in details, in the Spirostreptomorpha 
and in Sphaerotherium (see text-figs. 3a and 8e). Since the weight of an animal is 
proportional to its volume, and the force put out by a muscle is proportional to its 
sectional area, the larger millipedes may be expected to possess more complex 
mee than the smaller. Further effects of size are considered on pp. 343, 346 
and 364. 


Tre MANNER OF DISCHARGE OF THE STINK GLANDS. 


There is little information concerning the manner of ejection of fluid from the 
stink glands. Very rapid ejection, either as droplets or as a jet, is possible to the 
larger Juliformia and Lysiopetaloidea (pp. 345 and 361). Silvestri (1903) shows small 
muscles passing to the outer section of the duct in some species, but no other 
muscles have been described. The reservoirs and ducts of the stink glands, which 
are lined with chitin, are shown in text-fig. 3 for the juliform Poratophilus. Each 
balloon-like reservoir lies in a space surrounded almost entirely by inter-ring muscles, 
and covered internally by the sheet of fat body separating the muscles and intestine. 
A sudden contraction of all these muscles would pull the rings together very tightly, 
so that at the inter-ring joints the ‘ balls’ become less loosely placed in the ‘ sockets ’, 
and the pressure of these muscles on the reservoir must cause the expulsion of the 
- contents. A similar principle is employed by snakes in expelling venom from their 
poison glands which lack muscles of their own. A more powerful ejection is to be 
expected from such a manner of discharge than would be caused by small muscles 
situated on the reservoir itself. 


GENERAL CHARACTER OF THE Garts. 


Bethe (1931) noted that the backstroke of Pachyiulus was of much longer duration 
than the forward stroke, a relationship also shown by Lankester’s (1904) drawings 
of Archistreptus. In Part 2, text-fig. 5 a ‘bottom gear’ gait of Spirostreptus 
with a backstroke of relatively long duration, is contrasted with a gait of the chilopod 
Cryptops showing a backstroke of relatively short duration. Both are derivable 
respectively from the ‘ bottom’ and ‘middle gear’ gaits of Peripatus (Part 2 
ie 4), the chilopod having also adopted a better method of stepping (Part 2, 
p. 102). Br) 
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The Juliformia are capable of a very wide range of gaits (see p. 302 and entry for 
Sptrostreptus in Part 2, Table 2, p. 105) and some species can be fairly fleet, but 
speed appears to be of secondary significance to power because the morphology of 
millipedes is mainly associated with the execution of powerful ‘ bottom gear ’ gaits 
(p. 352) and not with the faster ones. Except for some Nematophora, few millipedes 
need fleetness for securing food. 

The duration of the backstroke relative to that of the forward stroke can be 
reduced in some instances to a figure which is smaller than that found in any 
arthropodan group, other than the Scolopendromorpha ; Pl. 52, fig. 15 shows gait 
(7-6 : 3:3), the fastest which has been recorded, the figures within the brackets 
indicating the relative durations of the forward and backward strokes. However, 
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TEXT-FIG. 5. 


Figures showing the effects of alterations in (1) the phase difference between successive legs (number 
of legs to a wave), (2) the relative durations of the forward and backward strokes, and (3) the 
angle of swing of the legs, on the type of gait employed by the Diplopoda. Propulsive legs 
are shown in black, recovering legs by thin lines. 


it is the ability to employ powerful gaits with backstrokes of relatively long duration 
that is of particular significance to the Diplopoda, gaits in which the relative duration 
of forward and backstrokes readily reach (1:5: 8-5). This necessitates very many 
legs to each metachronal wave (see below and Part 2, text-fig. 5, p. 107 for 
Spirostreptus, where many legs are pushing simultaneously against the ground, 
heavy lines, and few legs are in the recovery stroke, thin lines). 

Text-fig. 5, Part 2 also shows that in both Spirostreptus and Polydesmus the 
positions of the propulsive limb tips on the ground are approximately evenly spaced, 
as they are in the Chilopoda (Part 3, text-figs. 1 and 5, pp. 122 and 129), and the 
distance between the footfall of the last propulsive leg of one metachronal wave 
and the first of the following wave (marked X in text-fig. 5) is little, if any, greater 
than the distance between any other two successive propulsive legs. This feature 
is seen in Pl, 52, figs. 9 and 11, where the distance X is marked by horizontal lines, 
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In other photographs shown the distance X is variable or a little longer than that 
between successive footfalls within one wave. Such a disposition of the points of 
support of the body has obvious advantages. If the distance X is large (text-fig. 5 c) 
the body will be less evenly supported ; if X is too small the legs in the recovery 
phase will be crowded and mechanical interference may occur (text-figs. 5 g, k and n, 
and see Part 3, p. 138, where it is shown for Scutigera that this distance must not 
be too small). The evenness in spacing of occupied footfalls is not rigidly maintained 
by all arthropods in all gaits. It is lacking, for example, in Peripatopsis in Part 1, 
Pl. 15, fig. 12*, and the footfalls of Lithobius shown on Pl. 34, Part 3 lack the 
regularity of the diagram on text-fig. 1, Part 3. The Diplopoda also fail to maintain 
this even spacing with regularity, but the tendency to do so is nevertheless of 
importance. 

The general effects of alterations in the relative duration of the backstroke, in 
the phase difference between successive legs and in the angle of swing of the leg 
on diplopod gaits is shown in text-fig. 5. On the left a phase difference between 
successive legs of 0-08 gives 12 legs to each wave, while on the right a phase difference 
of about 0-06 gives approximately 17-18 legs to each wave. The effects of three 
alternative angles of swing of the legs are shown above, and below the same angle 
is employed as in figs. d-f. Figs. a, d and g show how an increase in the angle of 
swing of the leg in gait (6-0: 4-0) at a phase difference between successive legs of 
0-08 decreases the length of X ; fig. g is impracticable because X is too small and 
the optimum gait must be either as in fig. @ or intermediate between figs. a and d, 
X becoming a little shorter than in fig. a. At a phase difference between successive 
legs of 0:06, however (right side of text-fig. 5), a similar increase in the angle of 
swing of the leg reduces X, but from a long distance in fig.c to an optimum 
one in fig. 7. 

The lower diagrams show the effect of increasing the relative duration of the 
backstroke from gait (6-0 : 4-0) to (4-0 : 6-0) at the same angle of swing as in figs. d-f, 
that is, employing a more powerful ‘ lower gear’ (see Part 1, pp. 534 and 553), in 
which a greater number of legs push simultaneously. Comparison of figs. d, k and n 
and of figs. f, m and p shows a decrease in the length of X, but the gaits on the right 
are practicable, because X is never too short, while those in figs. k and n are not 
because X becomes either too short or non-existent. The propulsive legs cross over 
in fig. n, which is usually an impossibility to an arthropod, as noted in Part 2, p. 111 
and Part 3, pp. 124 and 138. 

The optimum length of the distance X is determined by two factors: (a) the 
distance between successive footfalls (which are very different in text-figs. 5 d and p) 
and (b) the number and length of the legs in each group performing the forward 
swing (there are 7-5 on the left and 10-7 on the right of text-fig. 5); a larger number 
may need a greater distance X if mechanical interference is to be avoided, unless 
the legs are very short. 

It is clear that if X is to remain optimum, the employment of a fast gait with 
a backstroke of relatively short duration, such as gait (6-0: 4-0), is best executed 
by a short metachronal wave, as in text-fig. 5 d, showing 7 recovering and 5 pushing 
legs, and a more powerful gait with a backstroke of relatively longer duration, such 
as (4:0 : 6-0), is best executed by a longer metachronal wave as in text-fig. 5 p where 
there are 7 recovering and 10 pushing legs. Similarly, further increases in the relative 
duration of the backstroke giving more powerful gaits (see Part 1, pp. 534 and 553) 
must be associated with further decreases in the phase difference between successive 
legs. No many-legged arthropod has been found to employ a phase difference between 
successive legs so small that only a part of a metachronal wave is accommodated 
along the body at one moment. Therefore an animal cannot be expected to employ 
very powerful gaits unless it possesses a large number of legs. 


*The black spots on this figure mark limbs near or at the end of t 
limbs touching the ground as in Parts 2, 3 and 4. ae ene er aa eee 
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The optimum phase difference between successive legs for any one gait is 
necessarily related not only to the gait but also to the length of each ring and to the 
length of the legs. Short body segments and long legs will require many legs to 
each wave, or the distance X will be too small. If the execution of the same gait 
be compared in a series of Juliform millipedes, those in which the ratio of ring length 
to leg length is greatest show the shortest metachronal waves. In Plusioporus 
sulcatus, Ophistreptus guineensis and Blaniulus guttulatus this ratio is roughly 0-3, 
0-5 and 0-9, and when performing gait (5-8 : 4-2) the number of rings per wave is 
respectively about 8-5, 6-0 and 4-5 (see Pls. 52, 53, figs. 11, 25 and 27 where the pattern 
of the gaits (5-8 : 4-2), (6-1: 3-9) and (5-0 : 5-0) does not differ greatly). Thus phase 
differences between successive legs of about 0-06-0-11 for the execution of the same 
gait in different juliform species are related to the body proportions. Further effects 
of the shape of segments are considered on p. 345. 

The factors determining the phase difference between legs of a pair have been 
considered in Part 2, p. 110. In all gaits showing a backstroke of longer duration 
than the forward stroke the legs of a pair will be expected to move in phase with 
each other. This relationship has been found in all adult Diplopoda which have 
been examined. That it occurs even in the faster gaits with backstrokes of relatively 
shorter duration than the forward strokes (Pls. 52, 53, figs. 9, 10, 11, 15 and 25-26) 
probably indicates that these gaits are of lesser significance to the animals, and that 
the predominant use of ‘ bottom gear ’ gaits, together with the associated morphological 
specializations, has led to a loss of a primitive versatility in this respect such as shown 
by Peripatus (Part 1). 


VARIATIONS IN THE LOCOMOTORY MovEMENTs. 


When a millipede is walking freely or harnessed to a sledge, the several metachronal 
waves of limb movements passing along the body are similar in general character 
although variable in details (see Pls. 52-55), and sometimes there is irregularity 
at the anterior and posterior ends of the body where the waves of limb movement 
tend to be shorter, as noticed by Bethe & Thorner (1933). The first few limbs may 
not be used, and when seeking escape the head and first few segments may be raised 
off the ground as in Pls. 52, 53, figs. 11 and 27. If an animal is saddled with weights 
giving uneven distribution of pressure, longer waves with onger relative durations 
of the backstroke may occur below the heavier part of the load, as in Pl. 52, fig. 13, 
where the longest waves with 16 propulsive legs lie below the heaviest part of the 
load. Reduction in the phase difference between successive legs (increasing the 
length of the wave) will not directly affect the speed (Part 1, p. 536), but wide 
differences in the actual duration of the backstroke in different waves at the same 

moment are an impossibility, although small differences can be compensated for by 
minor alterations as in other arthopods. 


THE PATTERN OF THE GAITS AND THE PsASE DIFFERENCES BETWEEN SUCCESSIVE 
Lzgcs. 


Millipedes tend to show their fastest gaits when walking freely in bright light, 
_ that is, when they are trying to escape as quickly as possible (see left side of column 6 
in Table I). Under these conditions the J uliformia usually show gaits near (6-0 : 4-0) 
(see Schizophyllum sabulosum gait (5-7 : 4:3), Ophistreptus guineensis gait (5°8 : 4-2), 
Cylindroiulus londinensis gait (5-2 : 4-8) and Plusioporus sulcatus gait (6-1 : 3-9) in 
Pls. 52, 53, figs. 9, 10, 11 and 25) but occasionally one as fast as (6-7 : 3-3) is displayed 
(fig. 15). The faster gaits of the Polydesmoidea and Nematophora lie between 
(5-5 ; 4-5) and (6-5 : 3-5), Pls. 53, 55, figs. 18, 20,22, 38 and 39. Léhner’s photographs 
of Lystopetalum (1914) show gaits (5-0 : 5-0) and about (6-7 : 3:3) for slow and fast 
running, but he did not interpret his pictures. The faster gaits of Glomeris and 
of Polyzonium are (5-7 ; 4-3) and (6-4 : 3-6) respectively (Pls, 54, 55, figs. 29 and 48). 
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Number Depth 


Volume of ' of legs oe 
Amaeial ring or of | Length Weight Or Length 
2 segments | in mm. in gm. | Jeg-bearing ring or of 
in cu. mm. rings __| 2 segments 
ONISCOMORPHA 
Glomeris marginata su 22 14 0-15 9 rings 3:4. 
6-5 10-5 0-09 9 rings 3-4 
JULIFORMIA 
Ophistreptus guineensis . . 500 175 26 60 rings 5-1 
O. guineensis .. bys 355 155 20 — 5-1 
Plusioporus sulcatus .. 195 138 11-7 55 rings 3°6 
Poratophilus punctatus . . 190 90 9 44 rings 5-0 
(approx.) 
Graphidostreptus judaicus 75 135 6-4 76 rings 3:5 
Gymnostreptus tabulinus 12-5 76 2°8 56 rings 4-4 
(approx.) 
Cylindroiulus londinensis 
var. caeruleocinctus 6-2 38 0-34 46 rings 3-4 
Tachypodoiulus niger .. 5:3 38 0:25 43 rings 2-9 
Cylindroiulus londinensis 
var. caeruleocinctus .. 15 20 0-08 38 rings 3-4 
Micropodoiulus 
scandinavius Sc 1-4 22 0-05 43 rings 3:3 
Cylindroiulus punctatus . . 0-54 19 0-035 45 rings 3°5 
Blaniulus guttulatus —.. 0-17 28 0-007 48 rings 1-6 
NEMATOPHORA 
Polymicrodon 
polydesmoides si 0-73 15 0:02 27 rings 1-93 
1-29 17-5 0-027 27 rings 2-2 
Craspedosoma rawlinst .. 0-972 18 0-025 27 rings 1:8 
Microchordewma scutellare 0-129 8:5 0-005 27 rings 2-0 
PoOLYDESMOIDEA 
Polydesmus angustus 2-23 20 0-08 17 rings 1:34 
2-72 — 0-08 17 rings 1-42 
P. angustus (young) .. 1-4 15 0-035 17 rings — 
P. angustus (young) .. 0-832 13 0:022 17 rings — 
P. angustus (young) .. 0-423 10 0-008 17 rings — 
Polydesmus coriaceus 0-47 13 0-015 17 rings Lik 
CoLOBOGNATHA 
Polyzonium germanicum 0-65 11 0-012 36 rings 3-7 
COLEOPTERA 
Cabarus violaceus ae — 26 0-55 3 pairs 1-0 
Helops laewioctostriatus . . — 10 0:07 3 pairs 0-9 
CHILOPODA 
Stigmatogaster subterranea 2-1 70 0-07 79 pairs 1-0 0-755 
Cryptops anomalans ate 22 46 0-98 21 pairs 0-5 1:3 
Lithobius forficatus fe 11 24 0:72 15 pairs 0:7 2.0) 
ONYCHOPHORA 
Peripatus novaezealandiae 20 42 0-26 15 pairs 0-6—2-0 0-5. 
VERTEBRATA 
Lacerta viridis .. an —_ a 14:5 = — = 
Domestic mouse st a os 26 a ats — 
Golden hamster ot — —_ 99 a =o = 
Domestic cat .. oe — — 5450 Pe a _- 
TaBieE I. 


_ Data relating primarily to representatives of the several orders of Diplopoda, but with entries cor 
ring volume. The figures in columns I, 3 and 4 are based upon the middle rings of the body (different sp 
are not equal, their mean has been taken for the calculation; the entry for Stigmatogaster refers to 2 
to the longitudinally contracted state. The figures in columns 5 and 6 represent the range which h 
most usually exhibited, The figures in columns 7, 8 and 9 refer to single performances of the given sp 
which are slightly different but of the same order, and the examples given show comparisons between 
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Slow Range of gaits | Body weight | by legs by body 
st me rid Pulling Body per mm.? per mm.2 
ts ae Ww force weight T.S. area T.S. area 
den ise qd exerted carried of body of body 
in gm. in gm. : 
=7 9 5°7:4:3 -(l— : 9+) 12 
: 2 0-20 0-016 0-12 — 
“4 9 [57:43 41—:9+) 13-8 0-13 0-010 0-19 = 
25 6-7: 3°3 —2-9: 7-1 2-4 1-06 0-44 0-37 = 
; = = 2°7 — = 0-40 — 
} 52 6-1: 3-9 —1-5: 8-5 We2, 1-53 0-21 He?) a 
L 42 5-7: 4:3 -1:7: 8-3 6-8 0-57 0-084 1-5 a 
} 28 6-3: 3-7 —2-6: 7-4 14:7 0-109 0-0074 0-66 — 
} 28 6-2: 3-8 —2-8: 7-2 20:5 0-119 0-0058 0-82 — 
= — 23-6 0-050 0-0021 0-74 — 
— 4-:7:5:3 — 22 0-025 0-0012 0-41 _- 
; — 5:0: 5:0 — 32-5 0-025 0-00078 0-79 — 
0 — 6:0: 4-0 — 41 0-006 0:00015 0-76 =, 
— — 1003 00483 0000743 1-53 = 
17 44. 6-5: 3-5 -1-8: 8-2 699 0-0699 0-001 1-062 = 
12 28 5-5:4:5 -1:2:8-8 56-52 0:0429 0-000929 0-859 — 
12 30 5-5:4:5 —2-0: 8-0 82 0-0159 0-000189 1-159 = 
9 26 6-6: 3-4 -1-6: 8-4 1103 0-513 0:00473 51g = 
== — 662 0-319 0-004792 2-02 _ 
=< — 60 0-12 0-002 1-32 — 
— — 81 0-10 0-0013 1-15 = 
—- — 95 0-048 0-00053 15 = 
14 5-0: 5-0 —2:9: 7-1 172 0:095 0-00086 4:5 — 
15 6-4:3°6 —2:6: 7-4 36 0-018 0-0005 0-35 — 
— See Part 3 53 — — 0 2-8 
a= See Part 3 10 — = 0 0-88 
— See Part 3 5 — = 0 0-43 
— See Part 1 9°5 a = 0 0-5 
= = 1:3 a a, a ae 
a — 0-8 = wa = ae 
= jad 1-4 pee nes == = 
= nie 0-3 wae -_ see, as 


-oups for purposes of comparison. The species within each order are arranged in sequence of decreasing 


ame species give slightly different values). 


Where the depth and width of a ring or segment (column 3) 


narcotized specimen, and those for Peripatopsis show the range of shape from the fully extended 
1 as a result of many experiments, and those given on the left of column 5 show the numbers of legs 
.2); different specimens of the same size but slightly different weight and physiological state give figures 
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but Glomeris frequently will not perform a gait faster than (4-0: 6-0). Animals 
which have been kept for some time in captivity or under abnormal temperature 
conditions may behave differently, and often use gaits with relatively longer back- 
strokes, as might be expected from the behaviour of captive centipedes (Part 3, 
pp. 134 and 151). The phase differences between successive legs which are most 
frequently employed are shown on the left side of column 5, Table I, expressed as 
the number of legs comprising each metachronal wave. The factors controlling 
phase differences have already been considered (p. 330). 

Loading millipedes, either by saddling or by harnessing to sledges (see p. 302), 
calls forth the more powerful gaits with longer relative durations of backstroke, 
and therefore a larger proportion of the legs at each moment in the propulsive phase. 
The effects of saddling an O. guineensis weighing 30 gm. with loads of 70, 104 and 
114 gm. are shown in Pl. 52, figs. 12, 18 and 14. The unloaded animal in fig. 11 
performs gait (5:8 : 4-2) with about 12 legs per wave. A load of 70 gm. (fig. 12) 
calls forth a (4:3: 5-7) gait with 20-22 legs per wave, a load of 104 gm. (fig. 13) 
lengthens the backstroke to gait (3-7 : 6:3), increasing the number of legs per wave 
to 22-24, and a load of 114 gm. (fig. 14) induces a yet more powerful gait of (2-9 : 7-1) 
with 25 legs per wave. The pressure from the saddles prevents the animals standing 
up on their legs as fully as in fig. 11, but the ventral surface is always held clear of 
the ground. A heavier loading can more easily be obtained by harnessing the 
millipedes to sledges of various weights, and as the load is increased, so the relative 
duration of the backstroke and the length of the wave increases. The loaded 
Polydesmus in Pl. 55, figs. 40 and 41 show gaits (2-2 : 7:8) and (1-6 : 8-4) compared _ 
with its free walking gaits of (6-6 : 3-4) to (5:5: 4-5), Pls. 53, 54, figs. 22, 38 and 39, while 
the loaded and unloaded Craspedosoma (Pl. 53, figs. 20 and 21) show respectively 
gaits (2-3: 7-7) and (5:3: 4-7). Polyzonium shows gait (2-6 : 7-4) in Pl. 55, fig. 49 
progressing against a load, compared with gait (6-4 : 3-6) seen in figs. 36 and 48. 
In Glomeris marginata the fastest unloaded runs show gait (5-7 : 4:3) as in Pl. 54, 
fig. 29, while gaits (1-0 : 9-0) and (1— : 9+) are shown in PI. 54, figs. 30 and 31 when 
progressing against a load. The most powerful gaits which have been recorded 
under conditions of loading are entered on the left of column 6, Table I. 

The phase differences between successive legs employed on fast free runs and when 
pulling a maximum load are shown on the left and right sides of column 5, Table I. 
The use of from 12-25 legs to a wave in Ophistreptus guineensis, for example, is 
correlated with the pattern of the gait (see p. 330) and the gait is determined by the 
power requirements of the animal. As many as 52 legs per wave have been seen in a 
loaded Plusioporus sulcatus, and smaller numbers in the British Juliformia with a 
smaller total number of legs. In the Nematophora as many as 26 legs and 44 legs ~ 
per wave, out of the total of 50 legs, have been seen respectively in loaded Craspe- 
dosoma and Polymicrodon, and Lohner’s photographs of slow and fast running 
Lysiopetalum show 7-5-8 rings (15-16 legs) per wave in the fast gait and about 10 
rings (20 legs) in the slower one. Similarly a transition from 7 up to 26 legs per 
wave out of a total of 30-31 legs in the Polydesmoidea and one from 9 up to 15-22 
legs per wave out of a total of 70 pairs of legs in Polyzoniwm is dependent upon the 
utilization of progressively more powerful gaits. 


Tor ANGLE OF SwING OF THE LEG. 


In most Arthropoda it is not easy to record directly the variations in the angle of 
swing of the leg (Part 2, p. 105). The effects of changes in the angle of swing of 
the leg can be calculated for millipedes as for other Arthopods (see p. 336 and Part 2), 
but certain changes can be appreciated from the photographs. Text-figs. 5 c, f and i 
show that for any given number of legs in each group which are performing the 
forward swing, the length X is inversely proportional to the angle of swing of the leg. 
Taking groups of 9 legs in the forward swing in an O. guineensis 175 mm. long, the 
length X in gaits (5-8; 4-2) to (5-4:4-6) is 45-55 mm. (fig. 11), but at gaits 
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(4:3 :9°7) to (2-9: 7-1) X is 7-5-10 mm. (figs. 12-14). This means that the angle 
of swing of the leg is smaller in the gaits with the longer relative durations of the 
backstroke (the more powerful gaits). However, at gait (6-7 : 3-3) (fig. 15) X is 
8-1 mm. where 9 legs are off the ground, indicating that at this fastest gait a smaller 
angle of swing of the leg is used than in gaits near (6-0 : 4:0). A similar condition 
was found for Peripatus, where maximum speeds were sometimes obtained by the 
use of a ‘ top gear’ gait, but with a smaller angle of swing of the leg than occurs at 
the fast speeds in ‘ middle gear’ gaits (Part 1, p. 555). In the Polydesmoidea 
and Nematophora smaller angles of swing of the legs are used against a maximum 
load than when freely walking (see next section and Pl. 55, figs. 38 and 41). Species 
which are always slow in covering the ground may also show small angles of swing 
of the legs. Photographs in ventral view of Cylindroiulus londinensis walking on 
glass show an approximate angle of swing of the leg of 68°, while Glomeris, using a 
slower gait, shows an angle of 33-40°. In all groups of millipedes which have been 
examined the angle of swing of the leg is smaller in the more powerful gaits. 


THE CoNSTANCY OF THE FoRWARD STROKE. 

In any one species of millipede the range in the number of legs performing the 
forward stroke is small. In photographs of Ophistreptus guineensis the number is 
6-9 while the propulsive groups show numbers of 5-18 legs. Out of 27 metachronal 
waves performed by this animal using a variety of gaits, 22 waves showed 7, 8 or 9 
legs off the ground and the remainder either 6, 10 or 11 legs off the ground. The 
average of 8-7 legs in each group performing the forward stroke, although not main- 
tained exactly, is advantageous ; fewer legs lead to mechanical interference, and 
more leaves unnecessarily long unsupported gaps. A little crossing of the legs takes 
place on the forward stroke, when the legs are lifted up and over each other, as is 
seen in the photographs of Plusioporus and Polydesmus (Pl. 53, figs. 22 and 25) ; 
a smaller number of legs in each recovering group, which would shorten the distance 
X, would lead to mechanical interference. It is the need to maintain a constant 
form to the groups of legs performing the forward stroke (see consideration of the 
distance X. on p. 330) that has led to the utilization of numbers of from 6 up to 44 legs 
in the propulsive groups of Plusioporus sulcatus and from 4 up to 18 legs in 
O. guineensis. The Nematophora are similar to the Juliformia in this respect. 
Craspedosoma rawlinsi usually shows groups comprising 5—7 legs off the ground, both 
when walking freely and when progressing against a maximum resistance (PI. 53, 
figs. 20 and 21), and under these two circumstances the propulsive groups comprise 
5-7 and up to 27 legs respectively. The legs of Polymicrodon polydesmoides are 
longer than those of Craspedosoma (see Table I, column 4) and, as might be expected, 
the necessity to maintain the distance X (see text-fig. 5) at a workable dimension 
has increased the numbers of legs in the recovery groups to 7—9 (PI. 53, fig. 18) 
compared with Craspedosoma. Lohner’s (1914) photographs of Lysopetalum 
illyricum show 9-10 legs in the recovery groups when the animal was running fast 
and 6-7 when running slowly. Polyzonium usually shows 5 legs in each recovery 
group in all gaits (Pls. 54, 55, figs. 36, 48 and 49), a small number correlated with the 
~ghortness of the legs, and in Blaniulus it is the unusually long ring for a juliform 
that results in as few as 4-5 legs forming the recovery groups (PI. 53, fig. 27). 

In millipedes with fewer legs than in the above orders the constancy in number 
of legs performing the forward stroke in each wave holds only for free runs. In 
Polydesmus (P1. 55, figs. 38 and 39) each group of legs performing the forward stroke 
usually numbers 4 or 5, although it may be 3 or 6, and there is little crossing over 
owing to the length of the rings (PI. 53, fig 22) ; in Glomeris marginata (Pl. 54, fig. 29) 
it is 2-4, 3 being the commonest number. However, when progressing against a 
resistance the smaller total number of legs present makes. very long waves with 
numerous propulsive legs an impossibility. Glomeris with a total of 17 pairs of legs 
has not been seen to use more than 7 consecutive legs in the propulsive phase in 
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one wave, in contrast to from three to seven times than number so employed by the 
Juliformia (Table I, right side of column 5). There is a tendency in the Polydes- 
moidea and Oniscomorpha to employ as many of their legs in a propulsive state as 
possible. The angle of swing of the leg is often small, and the distance X can 
therefore be small also, so that fewer consecutive legs are needed in the forward 
stroke. Polydesmus progressing against a resistance may still show 4 legs in the 
recovery stroke, as in Pl. 55, fig. 40, where right legs 8-11 are off the ground and are 
followed by 11 or 12 propulsive legs, but in Pl. 55, fig. 41 the recovery group of legs 
is reduced to 1, left leg 8 is off the ground while legs 2-7 and 9-18 are propulsive. 
In the loaded Glomeris in Pl. 54, fig. 30 the recovery group is reduced from 3 to 1, 
leg 8 only being off the ground. The distance X is now non-existent, as in text-figs. 
5g and k, the tips of legs 7 and 9 being close together on the ground. In fig. 31 all 
legs are propulsive at the moment shown, three metachronal waves being represented 
by legs 1-6, 7-9 and 10-17. The absence of even one leg in the recovery phase 
results in the crossing of the propulsive legs at the beginning and end of each wave 
(see legs 6 and 7, and legs 9 and 10 as in text-figs. 5kandn). This condition has not 
been found in any other millipede, where the propulsive legs do not cross, and is 
advantageous to the short bodied Glomeris in allowing all or almost all the legs which 
are present to push simultaneously, but their angles of swing must remain small, 
and progression becomes very slow. 


Pace DURATION. 


The stable character of the groups of legs performing the forward stroke has been 
noted above, and this uniformity extends also to the duration of the forward stroke, 
which is much less variable than that of the backstroke. In O. guineensis the forward 
stroke is executed in 0-32-0-46 sec. on unloaded runs and in 0-5-0-7 sec. on loaded 
runs, the slower strokes occurring with the heavier loads. The duration of the 
backstroke is usually 0-24-0-33 sec. on unloaded runs, and 1-2-1-5 sec. as the load is 
increased from 70 to 114 gm, becoming longer as the load is further increased. 
Pace durations in other large Juliformia, Plusioporus sulcatus and Graphidostreptus 
judaicus (Pl. 53, figs. 25 and 26) were not less than 0-7-0-8 sec. on unloaded runs. 
The smaller British Cylindroiulus species and Schizophyllum sabulosum (Pl. 52, 
figs. 9 and 10) can quicken the pace to 0-5-0-6 sec. and Tachypodoiulus niger and 
Micropodoiulus scandinavius to 0-45 sec. The shortest pace durations recorded for 
Glomeris and Polyzonium are 0-7 and 0-8 sec. respectively, and for the Polydesmoidea 
0-4 to 0-5 sec., where the duration changes but little over a considerable speed range. 
Polymicrodon polydesmoides and Microchordeuwma scutellare readily shorten the pace 
to 0-3 sec. or less. The short pace durations of the larger Juliformia (which are less 
efficient at burrowing, see p. 344) and of the Nematophora make possible the fast 
running shown by these millipedes. Thus the pace durations of the Diplopoda can 
be a little shorter than in the Onychophora (Part 1) and are much longer than in 
the Chilopoda (Part 3) when both are moving fast. 


SPEED. 


Increase in speed tends to be accompanied by a decrease in the pace duration, 
by a decrease in the relative duration of the backstroke and by an increase in the 
angle of swing of the leg, as in other Arthropoda (Part 2, Table 1), but the correlations 
between these factors is not so regular as in fast running arthropods such as the 
Scolopendromorpha and anamorphic Chilopoda (Part 3). In O. guineensis the 
contributions to an increase in speed by these factors are roughly : decrease in pace 
duration 32 per cent, decrease in relative duration of the backstroke 23 per cent, and 
increase in angle of swing of the leg 45 per cent, for unloaded and loaded runs, giving a 
speed range of 10-40mm.p.sec., but, as shown above, the fastest gaits are not performed 
at a maximum angle of swing of the leg. Owing to the variability of behaviour, these 
figures have a less precise significance than those given in Part 2, Tablel. However, 
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they indicate the relative importance of the three factors. An example of the 
variability of these correlations is shown by O. guineensis, where a pace duration 
of about 0-85 sec. is used by various gaits, giving stride lengths of 16-25 mm., together 
with the slowest and fastest speeds which are easily obtainable from unloaded animals. 
Bethe and Thorner (1933) noted a variability in performance by different individuals 
of the same species. 

The type of performance frequently exhibited by the Juliformia can be illustrated 
by an O. guineensis 175mm. long. When freely running a speed range of 20-45 
mm.p.sec. is given by pace durations of 0-65-0-9 sec. with strides of 18-35 mm. 
by gaits ranging from (6-7 : 3-3) to (5-0 : 5-0); and when saddled with loads up to 
four times the body weight, the speeds were reduced to 85-10 mm.p.sec., the pace 
ne i 1-5-2-5 sec. and the stride to 15-21 mm. by gaits ranging from (4-0 : 6-0) 

O(a alle 

It will be noted that the stride length of a loaded run may exceed that on a 
faster unloaded one. In most Arthropoda, including insects, stride lengths have 
been found to decrease with decreasing speed and ‘ lower gears’ and the gait can be 
ascertained from the track (Parts 1 and 3). The gaits of millipedes cannot always be 
ascertained from the track. When moving quickly by a fast gait the stride is long 
and the footmarks tend to show forward and inwardly directed flourishes, particularly 
if the legs are long, as occurs in the Chilopoda (Part 3, text-figs. 5d and 11 c). 
As the speed decreases, so does the stride, but speeds of $-} of the maximum executed 
by a variety of gaits can give the same stride lengths. Tracks with short strides, 
and therefore very many marks per unit length, are made by slow runs in ‘ low 
gears’. The fairly long strides of millipedes in ‘low gears’ are due in part to the 
great increase in the pace duration (Part 1, p. 536) which is made possible by the 
possession of very many legs and a small phase difference between successive legs. 

The maximum speeds shown by various juliform species do not differ greatly 
when allowance is made for size, although it is not possible to compare exactly the 
performance of species differing in both size and shape. The larger species, 175— 
104 mm. long, achieve up to 45 mm.p.sec., while the smaller British Cylindrovulus 
species, Schizophyllum sabulosum and Tachypodoiulus niger, all of about 25 mm., 
reach 8, 10 and 13 mm.p.sec. respectively, the latter species attaining 18 mm.p.sec. 
at a length of 40mm. The longer legged species such as Tachypodoiulus niger, 
Micropodoiulus scandinavius and Plusioporus sulcatus are fleeter than the shorter 
legged ones, and the two former species also step quickly. 

As might be expected, Polyzonium and Glomeris cover the ground but slowly, 
speeds of 1-7 and 4mm.p.sec. being achieved respectively by 11 mm. specimens of 
these species, but on a basis of similar ring volumes Polyzonium is the faster (see 
Table II). Glomeris takes strides of little more than half the length of those of 
juliform species of similar ring volume. 

The Polydesmoidea are much fleeter than the J uliformia. The maximum speeds 
achieved by Polydesmus angustus, Tachypodoiulus niger, Cylindroiulus londinensis 
var. caeruleocinctus, and Glomeris marginata, all weighing 0-08 gm., are 22, 13, 4:5 
and 3-5 mm.p.sec. respectively. Comparisons between specimens of similar ring 
volume put the performance of these animals in the same order (Table II). In 
Polydesmus the pace duration may not change very much. A speed range of 11 to 
22 mm.p.sec. in P. angustus can be achieved by almost the same gait, almost the 
same pace duration but considerable variation in the angle of swing of the leg. The 
great sexual differences in the adult of this species in both length and stoutness of 
the legs (Table I, column 4, Pl. 55, figs. 38 and 39 and text-figs. 2 e and f) result in 
sexual differences in performance. In bright light the female tends to run faster, 
using a shorter pace duration and shorter stride than the male, the most frequent 
figures for the male and female respectively being a pace duration of 0-5-0-°6 and 
0-4 sec., a stride of 8-8-5 and 6-8 mm. and a speed of 14-16 and 16-20 mm.p.sec. 
Both, however, on occasion can show the same maximum speed. 
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The Nematophora are fleeter than the Polydesmoidea. An 18 mm. Polymicrodon 
polydesmoides achieves 20 mm.p.sec. compared with 22 mm.p.sec. by a re mm. 
Polydesmus, but taking animals for comparison with the same body weight or the ie 
ring volume, Polymicrodon is 33-50 per cent faster than Polydesmus. The gait 0 
Polymicrodon and its pace duration on free runs change more readily than they one 
the Polydesmoidea. Alterations in the angle of swing of the legs are responsible for 
considerable changes in speed, but this factor is not of such dominating importance 
as in the Polydesmoidea. Microchordeuma is relatively fleeter than Polymicrodon, 
an 8-5 mm. specimen achieving 14 mm.p.sec. Only one specimen of Craspedosoma 
has been obtained alive, and its speed of up to 5 mm.p.sec. was probably not maximal 
and its pace duration of 0-8 sec. may not have been minimal because the animal 
travelled into this country before being examined, and the related Polymicrodon 
polydesmoides does not always live well in captivity. 


TABLE II. 


Relative powers 
of pushing Relative speeds 
by the legs 


Diplopoda 
Oniscomorpha 
Juliformia 
Colobognatha 
Nematophora 
Polydesmoidea .. 


Onychophora 


Chilopoda 
Geophilomorpha 
Scolopendromorpha 
Lithobiomorpha 
Scutigeromorpha 


Vertebrata 
Lizard m0 
Mouse and Hamster 


A summary of the relative speeds and pushing powers of millipedes, other Arthropoda and 
vertebrates. The performance of a Glomeris marginata has been taken as unity, and the pushing 
powers and speeds of other species of millipedes are based upon comparisons between animals 
of the same ring volume (see pp. 336, 340 and Table 1). Comparisons with Peripatus and 
centipedes are based upon animals in which the volume of 2 segments equals that of a diplopodan 


diplo-segment. Comparisons between the lizard, mouse and millipedes are based on animals of 
similar body weight. 


Thus Juliformia with the same segment volume as Peripatus (‘Table IT, 
and Part 2, text-figs. 4 and 5) in ‘low gears’ progress a little faster than does Peripatus 
and three or four times as fast when using their faster gaits. The Oniscomorpha 
walk more slowly than Peripatus, while the Polydesmoidea are considerably faster, 
achieving about one and a half to twice the speeds of the Juliformia, according to 
the basis chosen for the comparison, and the Nematophora can be nearly twice as 
fast as the Polydesmoidea. However, it is not for speed that most millipedes are 
remarkable, although they have progressed beyond the Onychophoran stage in 
this respect, but for the pushing force which they can exert by their legs (see Table II) 


Locomorory MoveMENTs OF THE STERNITES. 


In the Nematophora, Oniscomorpha and Colobognatha the sternites move 
backwards during the propulsive leg stroke and forwards during the recovery stroke, 
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relative to the tergites. The leg bases are closer together in the groups of legs per- 
forming the backstroke than in the groups swinging forwards. The median side of 
the leg base in Glomeris is dark in colour while the pedigerous membrane is white, 
and these dark marks in Pl. 53, fig. 17 are farther apart between legs 2-5, 9-12 
and 15-16 than between legs 6-9 and 12-15. The propulsive legs are marked by 
dots. Polymicrodon (Pl. 54, fig. 28) similarly shows the bases of the propulsive legs 
to be closer together than those in the recovery phase. If these movements of the 
leg bases were due to an inability of the sternites or tracheal pouches to withstand 
the thrust exerted by the legs, the bases of the legs would lie closer together on the 
propulsive leg stroke. Since this disposition is not seen, it is concluded that the 
musculature already referred to (pp. 319, 323 and 324), and in particular the musculi 
apophyses sternales, by sliding the ventral elements forwards and backwards, provide 
a locomotory force additional to that giyen by the intrinsic and extrinsic leg muscles. 

During the forward stroke of Glomeris successive tracheal pouches are pulled 
together and the leg bases are thereby approximated, the thin flexible membrane 
which separates them (text-fig. 4 c) becoming folded. At the same time the forward 
overlap of the laterally placed sternites is increased. In the Nematophora the 
tracheal pouches are similarly pulled together, but by a greater variety of muscles, 
and this movement results in sliding the median sternites, from which the legs 
originate, over one another from before backwards (text-fig. 20). As in the Juli- 
formia, the sternites and tracheal pouches have an upward and anteriorly directed 
tilt, and this allows the sliding to take place. The sliding movement is executed 
without displacement of the tergites, which remain regular all along the body as in 
the uliformia. In Polyzonium the short sternites are pulled together without much 
overlap. 

The range of the sliding movement varies with the gait. In Glomeris walking freely 
the movement may cover 30 per cent of the length of the exposed part of the ring. 
In Glomeris when walking slowly and in the Nematophora the movement may be 
small ; the median papilla on each sternite just anterior to the leg base shows clearly 
in Craspedosoma (PI. 55, fig. 45); these papillae are more evenly spaced than are the 
leg bases in figs. 17 and 28. When the Nematophora, Oniscomorpha and Colobog- 
natha are exerting themselves, either by running fast or progressing against a 
resistance, the range of movement is greater. Successive leg bases are brought 
almost as close together during the recovery stroke as in the spiral or ‘ pill’ position. 
The forward drag on the ventral elements becomes less localized, and during the 
forward stroke the whole ring may be pulled forward ventrally, resulting in a marked 
dorsal humping of the body over the legs in the recovery stroke. Similarly, during 
the backstroke the ventral parts of the tergites are pulled posteriorly. The elaborate 
involvens muscles and the flexor inferus longus must aid this movement. The hump 
shown for Polymicrodon and Craspedosoma pulling a maximum load in Pl. 53, figs. 
19 and 21 and two humps seen in PI. 55, fig. 49 for Polyzoniwm travel forwards along 
the body. By this means the legs are brought forward as far as possible for the 
beginning of the backstroke. In Glomeris progressing against a resistance a marked 
humping may occur when the number of legs forming the recovery group is small. 
This is not shown in Pl. 54, fig. 30, although only one leg is off the ground, but there 
~ is a marked dorsal exposure of rings 6 and 7 in fig. 31 where one leg at a time will 
be raised from the ground. In this way a considerable amount of the ring musculature 
can be utilized at times to supplement the locomotory force supplied by the legs. — 

A dorsal humping over the groups of legs in the recovery stroke is shown in 
Clementi’s figure (1912) of a julid. This humping can sometimes be seen in Juliformia 
and Nematophora when running fast, and in these orders and in the Polydesmoidea 
when progressing against a resistance, but the degree of humping is greatest in 
millipedes with free sternites. Cylindroiwlus and Polymicrodon in Pls. 52, 53, figs. 10 
and 18 show this humping ; the ventral parts of the rings of Cylindroiulus are pulled 
forwards at the beginning of the backstroke and by the end of the backstroke the 
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sternal parts of the rings lie more posteriorly than they would do if the rings kept a 
regular alignment all along the body, as seen in most of the photographs of the 
Juliformia in side view on Pls. 52 and 53. The movements of the sternites of the 
Juliformia resemble those of the Nematophora but on a smaller scale, and presumably 
supplement the locomotory force in a similar but smaller way. A more marked 
utilization of the body muscles in this manner for locomotion is seen in the Juliformia 
progressing against a resistance. ; 

Similar principles are employed by the larvae of sawflies and of Lepidoptera, 
where the legs are brought forwards during the recovery phase by the body muscu- 
lature. The soft body often does not hump more markedly than in the Nematophora, 
but the leg movements may be reduced almost to one of intermittent fixation. The 
bulk of the forward progression is then achieved by the alternate humping and 
straightening of the body (see a subsequent Part). This similarity between soft 
skinned larvae of insects and certain Diplopoda has no phylogenetic significance. 


PusHine POWER. 


The maximum pulling force that can be exerted by millipedes harnessed to a 
sledge has been recorded (p. 302). Presumably the animals can push against a resis- 
tance with a force similar to that exerted in pulling a load, since no telescoping of 
the body segments usually occurs. In Table I, column 7 the maximum pulling force 
which can be exerted by the legs (f) is divided by the body weight (w), so giving a 
basis of comparison between species. As shown below, the size of a millipede affects 
its pushing power, so that comparisons between species with unlike segment numbers 
may be based on similar size or weight of either the whole animal or of a single 
diplo-segment. . 

Taking body weight as the basis for comparison, representatives of the several 
orders show their relative powers as pushing animals to be: Oniscomorpha, 1; 
Juliformia, 1-8; Nematophora, 3-1; and Polydesmoidea 6-5 (see entries in Table I for 
Glomeris, Cylindroiulus and Polydesmus, all of about weight 0-08 gm., Craspedosoma 
of 0-025 gm., Cylindroiulus of 0-02 gm. and Polydesmus of 0-015 gm., and taking the 
entry for Glomeris in column 7 as unity). Probably a better basis of comparison is that 
of common diplo-segment volume. A Glomeris and a Cylindroiulus with ring volumes 
of 6-5 and 6-2 cu. mm. respectively have roughly the same (f/w). A Oraspedosoma 
ring volume of 0-97 cu. mm. corresponds with that of an animal in between Oylin- 
droiulus punctatus and C. londinensis of ring volumes 0-54 and 1-5 cu.mm. and such 
a juliform millipede would be expected to have an (f/w) of between 32 and 23, as 
indeed it does. Polydesmus and Micropodoiulus of ring volume 1-4 cu.mm. roughly 
correspond with Polymicrodon of 1-2 cu.mm., and Blaniulus is close to Microchordeuma. 
On this basis the Oniscomorpha and Polyzoniwm approximately equal the Juliformia 
in pushing power, and if this is taken as 1 the pushing power of the Nematophora 
becomes 2 and that of the Polydesmoidea 2-5. On either basis the Polydesmoidea 
and Nematophora are very much more powerful than the other orders (Table II). 

It is this ability to push against a resistance which distinguishes the Diplopoda 
from other Myriapoda and makes possible their particular methods of burrowing. 
The Onychophora and Chilopoda when similarly harnessed to sledges make no 
attempt to pull a load by the motive force of the legs. They hold on with the legs 
and intermittently shift the load by the contraction of the longitudinal body muscles ; 
the anterior end of the animal then walks forwards as far as the extensibility of the 
body permits, and holds on again for the next pull. The pulling force which is 
exerted in this way by the body muscles of Peripatopsis, Cryptops and Lithobius 
is less than the force put out by the legs in millipedes of comparable size (see 
Table I, columns 2 and 7), and under normal circumstances the former animals 
do not push. Peripatus can change its shape and squeeze through very narrow places, 
but the skin is covered everywhere by papillae, each bearing an exposed sensory 
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spine, and the animal could hardly attempt to push by its general surface. ‘The 
geophilomorph Stigmatogaster burrows by exerting a pressure through the body surface 
against the soil, due to the longitudinal contraction of body muscles (Part 3). The 
pulling force (Table I, columns 2 and 7) which it can exert is almost as powerful as 
that of Polydesmus, the Polydesmoidea being the most powerful of millipedes, but the 
force is mediated by the body muscles in the centipede and by the legs in the millipede. 

The pushing force of the Juliformia and Oniscomorpha is exerted mainly by the 
head end, and thus the push exerted per sq. mm. of transverse sectional area of the 
body becomes of importance to the animals and serves also as a basis of comparison 
between species (Table I, column 9). For the ‘ flat backed’ millipedes (Nematophora 
and Polydesmoidea) and Colobognatha this figure has a less real significance, since 
the animals exert their push mainly by the dorsal surface and not by the anterior 
end. A figure is entered for the Onychophora and Chilopoda in column 10 for com- 
parative purposes, but only that relating to Stigmatogaster is significant in the normal 
life of the animals. 

The total pushing power of a millipede, and its pushing power relative to the 
transverse sectional area of the body, depends upon (1) the size and (2) the shape of 
the rings, (3) the size and form of the legs relative to the ring and (4) the number of 
rings comprising the body. Effects of changes in these factors will now be considered. 


Errects oF LEGS OF DIFFERENT TYPES, AND OF HEAVINESS OF BUILD OF THE Bopy, 
on Pusninc Power, SPEED, AND HABITS. 


Rings of equal volumes from different millipedes differ in the length of their 
legs, and where the legs are of similar shape, the longer the leg the more powerful 
is the pushing force usually exerted by the ring. The length of the leg relative to 
the diplo-segment which bears it is given in Table I, column 4 expressed as 
(leg length/’/ring volume) in order to indicate comparisons between animals with 
differently shaped rings. Where two animals have roughly the same ring size, the 
larger values in column 4 are correlated with a larger pulling, and presumably 
pushing, force being exerted by each ring. 

Compare for example the figures in column 4 and left side of column 8 for 
C. londinensis and T.. niger, both 38 mm. long. The ring volume of 7’. mger is less than 
that of C. londinensis, yet a ring of 7. niger, provided with longer legs, puts out 
the greater pushing force. Polymicrodon with a slightly smaller ring volume 
(1-2 cu.mm.) and slender, longer legs puts out a greater force per ring than does 
Cylindroiulus of ring volume 1-5 cumm. The two sexes of Polydesmus angustus 
show marked dimorphism in legs (Pl. 55, figs. 38 and 39) and a ring of the longer 
and stouter legged male puts out a greater force than does that of the female. The 
sexes of Polymicrodon differ similarly in this respect (Table I). The legs of Poly- 
desmus are stouter than those of Polymicrodon, although a little shorter, and the 
pushing power of a 1-4 cu.mm. ring of Polydesmus greatly exceeds that of an adult 
Polymicrodon. The ring volumes of M icrochordeuma and of Blaniulus are almost 
equal, but the longer legged icrochordeuma can put out two and a half times the 
~ pushing force of a Blaniulus ring. The increase in pushing power which results from 
longer legs is further illustrated by text-fig. 6 (see p. 344). 

Thus the great pushing power of a ring of Polydesmus appears to be correlated 
with the possession of long stout limbs. The pushing power of a ring of the Nemato- 
phora, which is intermediate between that of the Polydesmoidea and Juliformia, is 
associated with legs which are longer than in the Juliformia but less stout than in 
the Polydesmoidea, and with the utilization of a locomotory force originating in 
the muscles which slide the sternites, as well as that supplied by the limb muscles. 

Millipedes can be found showing similar ring volumes and much the same general 
shapes, but with rings of markedly different weights. Micropodoiulus scandinavius 
and Cylindroiulus londinensis of ring volumes 1:4 and 1-5 cu.mm. respectively, and 
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Polymicrodon polydesmoides and a partly grown Polydesmus angustus of ring volumes 
1-2 and 1-4 cu.mm. respectively are examples (see Table I, column 1). In each of these 
pairs the animals with the heavier rings (Cylindroiulus and Polydesmus) put out 
the greater pushing force per ring (left side of column 8), but those with the lighter 
rings (Micropodoiulus and Polymicrodon) run faster and step more quickly (p- 337). 
Micropodowlus and Blaniulus are lighter per unit volume than the other juliform 
species entered in Table I and the pushing power of their rings is relatively less ; 
Micropodoiulus shows an (f/w) appropriate to its size, but it exerts only 0-4 gm. per 
sq. mm. of transverse sectional area, while Blaniulus exerts an average total pushing 
power but by means of an unusually large number of rings (see column 9). It is 
noteworthy that Micropodoiulus inhabits litter and does not burrow freely as do the 
British Juliformia, which exert forces of about 0-7—-0-8 gm. per sq. mm. of transverse 
sectional body area (see column 9). It seems probable that any increase in pushing 
power gained by lengthening and strengthening the leg and increasing the weight 
of the skeleton is achieved at the expense of fleetness, just as a cart-horse achieves 
power while a race-horse achieves speed. A combination of speed and power in 
millipedes, as in other animals, appears to be a compromise. 


The length of leg in juliform millipedes is restricted by their burrowing habit. 
In pushing through soil or leaf mould the legs operate in a ventral space below the 
body, kept clear by their action. When they do not project beyond the lateral body 
wall they will encounter least hindrance to their movements, and will derive a 
considerable amount of protection from the body. In most species the legs project 
only just beyond the side of the body (PI. 53, fig. 23 and text-fig. 7 h), up to a quarter 
of the diameter of the animal, and much less than in Plusioporus (Pl. 53, fig. 24), 
which probably lives more openly (see p. 345), and in many species they do not project 
at all, as in Poratophilus (text-fig. 3d) and in Archispirostreptus (see Lankester’s 
(1904) drawing in ventral view). The mid-ventral origin of the legs allows a maxi- 
mum length with the minimum of lateral projection. The longest and shortest 
legged species which have been examined are Plusioporus sulcatus (Pl. 53, figs. 24 
and 25) and Poratophilus punctatus (text-fig. 3 d) leg length/¥/ring volume 1-7 
and 0-7 respectively (see Table 1, column 4). Rings which are short and wide can 
carry a longer leg without undue projection than can rings of equal volume which are 
long and narrow. ‘Text-fig. 7d, 1, shows a transverse section of a diplo-segment 
of Tachypodoiulus with appended legs, and those in text-figs. 7 a, 1, c, 1 and g, 1 show 
sections of diplo-segments (or a pair of segments in text-fig. 7a, 1) with similar 
volumes but different shapes, as in the animals shown in text-figs. 7a, c, d and g, 
the legs, the associated muscles and tracheal pouches in all being the same as in 
Tachypodoiulus. An animal as in text-fig. 7 a, | could not burrow effectively because 
the legs project too far. The proportions of the ring in text-fig. 7c, 1 are those of 
Blaniulus guttulatus, and it is unlikely that Blaniulus could carry a leg as in text- 
fig. 7c, 1 and still burrow; the legs of Blaniulus are relatively about 30 per cent 
shorter, which gives a usual amount of lateral projection. The legs in text-fig. 7 g, 1 
derive more protection from the body than do those of Tachypodoiulus. The 
maximum degree of projection of the leg in Juliformia, which burrow well, does not 
appear to be greater than that of Cylindroiulus (text-fig. 7h), where the (leg 
length/¥/ring volume) is 1:3. The figure for Tachypodoiulus is 1-6, nearly as great 
as in Plusioporus. It is significant that Tachypodoiulus burrows least of British 
Juliformia, being found under stones, bark, and loose material and never deep in 
the soil. It is probable that Tachypodoiulus has exceeded the leg length compatible 
with easy burrowing, and, as its name implies, this ‘ fleet footed ’ millipede has taken 
to more open habits. The Nematophora Lysiopetaloidea have not been obtained 
alive, and it is possible that some may be able to burrow with even longer legs than 
Plusioporus and Tachypodoiulus because of different leg morphology (see p. 362). 
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The legs in the Oniscomorpha, although resembling those of the Juliformia in 
length (Table I, column 4), are flexed in such a way that they do not project beyond 
the sides of the body, the ventro-lateral extensions of the tergites boxing them in. 
No lateral projections hinder burrowing (text-fig. 4d and Pl. 54, figs. 29-33). A 
ring of Glomeris is about as powerful as one of a juliform millipede of similar volume 
and leg length. The angle of swing of the leg in Glomeris is small, and the power 
exerted by the leg is associated with its considerable dorso-ventral thickness (a limb 
flattened in the transverse plane is necessary to permit a close dorso-ventral flexure), 
and with the locomotory force provided by the musculi apophyses sternales and other 
muscles. In the Colobognatha also this extra locomotory force is sufficient to give 
a pushing power per ring of much the same order as in the J uliformia, although the 
legs are short (Table I, column 4). 

The long legs and projecting keels of the Polydesmoidea and Nematophora 
Chordeumoidea make burrowing into compact soil impossible. These features are 
associated with pushing by the ‘flat back ’ into woodland litter, decaying stumps 
and under bark (p. 327). The area of application of the push by the back is much 
greater than it is in the Juliformia when pushing by the head, and the total force 
generated by the legs of the Nematophora and Polydesmoidea is suitably greater. 
In a resting Polymicrodon or Polydesmus the legs are brought close up to the sides 
of the body and under the keels (text-fig. 2 f, dotted line), unlike the position shown 
by the continuous line and by running animals in PI. 55, figs. 38 and 39. A backward 
tilt of the legs brings them completely under cover of the keels and then they are 
invisible in dorsal view. It is probable that the legs are held close in to the body 
under cover of the keels when the animals are pushing with the back. The laterally 
directed origin of the legs and spiracles in Polydesmus, and the rigidity of the ring, 
render these animals particularly well suited to push themselves into cracks which 
are narrow in one plane. The nematophoran stance preserves the ventral air space 
supplying the spiracles (text-fig. 2 p) as in other groups of millipedes, excluding the 
Polydesmoidea, and the Nematophora, although powerful, would not be expected 
to be so adept at opening cracks as the Polydesmoidea. The peculiarities of the 
legs and the habits of the Lysiopetaloidea are considered on p. 361. 

The pulling force exerted by two beetles is also entered in Table I. Helops 
laevioctostriatus can be found along with Juliformia deep in leaf mould near decaying 
stumps, and the pushing force which it can exert (Table I, column 7) is greater than 
that of Juliformia or Stigmatogaster of the same body weight and is of the same order 
as in Polydesmus. Helops is, however, shorter and wider than the Juliformia and 
probably exerts about the same order of push per unit of transverse sectional area. 
The violet ground beetle (Cabarus violaceus) is larger, with relatively longer legs, 
and does not penetrate so deeply into leaf mould, and the figure in column 7 is 
-smaller than in the Juliformia. Presumably the long legs of Cabarus hinder deep 
burrowing, as do those of the Polydesmoidea, and the length of leg confers speed 
but not power to this beetle. 


THe Errects oF Ring SizzE on Pusuina PoweEr. 


It can be seen from Table I, columns 1, 7 and 8, that as the size of a juliform 
' millipede becomes larger, so the weight which is borne by each ring increases relative 
to the pushing force which can be exerted by that ring. Such a relationship is to be 
expected. Since the pulling force of the limb muscles is roughly proportional to 
their sectional area, and the weight of the ring is proportional to its volume, increase 
in size results in a greater proportion of the force exerted by the legs being utilized 
in carrying the weight of the ring, leaving a smaller amount available for pushing 
against a resistance. The effect of ring size on the pushing power of a ring is shown 
in text-fig. 6 where the coordinates give the pulling force exerted by one ring/weight 
of one ring (f/w), and the ¥/ring volume. The dotted line unites points for species 
in which the relative leg length (see Table I, column 4) does not differ greatly. The 
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} iusi lated to the relatively _ 
higher values for (f/w) for Tachypodoiulus and Piusioporus are re 
eae lengths ot uae legs (Table I, column 4). A comparable curve for the Poly- | 
desmoidea lies very much farther from the base line because their ( i) is greater, 
and the points for Glomeris of various sizes lie on or just below the line uniting points 


for the Juliformia. 


as*Jring volume 


TExtT-Fic. 6. 


pushing force exerted 
body weight 

is plotted against the 4/ ring volume, and the points for juliform species with approximately 

comparable leg length (see Table I, column 7) are joined by the dotted line. The greater 

power of Tachypodoiulus and Plusioporus is correlated with their longer legs. 


Shows the effect of size on the pushing power of millipedes. The 


The range of size of the millipedes shown in text-fig. 6 is only slightly less than 
that of all existing juliform species. Ring volumes considerably less than that of 
Blaniulus do not exist, and an arrow shows the size of the largest specimen in the 
British Museum. Clearly the data for living Juliformia lie in the middle section of 
the curve, with (¥/volume) of 0:5-9-5 mm., and not at the extremities. Moreover the 
existing species probably cover the size range over which this type of animal may be 
expected to be efficient. 

The push of 0-32 and 0-17 gm. which is exerted per sq. mm. of transverse sectional 
body area by the two largest specimens, both O. guineensis, is considerably less than 
that exerted by the other species in Table I, column 9 and text-fig. 6, where the 
values are 0-66-1-5 gm. per sq. mm., except for the very lightly built Micropodoiulus, 
which burrows little (see above, p. 342). These values depend upon the shape and 
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number of the rings comprising the body (see below) as well as upon the factors under 
consideration. O. gwineensis burrows well in soft, loose soil, but in compact soil the 
animal remains on the surface. Mr. L. C. Bushby of the London Zoo also notes that 
the largest millipedes in captivity remain on the soil surface or hide under bark. 
It is probable that O. guineensis is nearing the upper limit of size at which effective 
burrowing is possible. The largest millipede in the British Museum collections, an 
unidentified female 254 mm. in length of approximately similar form to O. guwineensis, 
but with rings about 4-5 mm. long and 19 mm. deep, would have an (f/w) of about 2, 
that of O. guineensis being about 3 (text-fig. 6). This large millipede must therefore 
have been an even less able burrower than O. guineensis. Millipedes nearing 20 mm. 
in depth are few, and since their powers of burrowing must be poor except in very 
soft soil, it seems probable that they are near the upper size limit (see also p. 346). 
Mr. J. C. Battersby has collected the larger Spirostreptomorpha crawling about on 
the branches of treesin Kenya. Under sufficiently humid conditions a large, armoured 
millipede might well take to an exposed habit when its size renders its powers of 
burrowing inefficient. Moreover, the abundance of the discharge from the stink 
glands (see text-fig. 3, s.gl.) isrelatively greater in these millipedes, when the repugnant 
fluid is said to be sprayed out to a distance of several inches, than in the smaller 
British species. Some native peoples avoid walking near the large millipedes, believ- 
ing that their secretions may cause blindness. The toxicity of the discharge does not 
appear to have been studied, but these secretions are known to burn holes in textiles. 
There are many factors which limit large size in arthropods, such as tracheal 
respiration and moulting, but the power which can be put out by the legs is alone 
sufficient to restrict increase in size in millipedes. 

It is also possible that Blaniulus guttulatus is near the lower ring size for effective 
burrowing by the bulldozer method. Although the ratio (f/w) increases steeply 
with a decrease in size of the ring in the smaller millipedes, the area of application 
of the pushing force decreases. Soil particles of any given size will be less easily 
shifted when the site of application of the push is very small. Thus very minute 
millipedes employing the bulldozer method of burrowing might not be expected to 
exist. Blaniulus differs from the larger millipedes in its marked habit of readily 
flexing the body (see p. 310 and text-fig. 2 j—m), although the shape of the rings 
(Table I, column 3) renders the body less capable of acute bending than in most 
juliform species (see p. 311). Blaniulus appears to move through the soil or between 
obstacles in a zig-zag manner, selecting its path very freely. The ‘fatter’ larger 
millipedes are not so ready to twist and turn, and as far as is possible hold their 
bodies along a straight course, a procedure most suitable for pushing. The long 
narrow snake-like body of the ‘ spotted snake ’ millipedes contrasts with that of the 
larger forms, and may reflect a desirability of following the path of least resistance 
when small size renders the bulldozer method less effective. 

Similar effects of size may be expected in other orders, although sufficient 
comparative data have not been obtained in illustration. 


Errects oF Rinc SHare AnD Ring NuMBER on PusHinc PowEr. 
The majority of millipedes show a general similarity in their body proportions. 
~ Ophistreptus, Cylindroiulus, Polymicrodon and Polydesmus, for example, are roughly 
alike in overall shape, Polymicrodon being relatively longer and thinner than the 
others, yet they possess respectively about 60, 40, 30 and 20 trunk rings (Pls. 52-55, 
figs. 10, 11, 18, 22, 28 and 38). The majority of juliform millipedes show a body 
length between 9 and 14 times the depth. This figure is 8 for the short Poratophilus 
punctatus, while for Graphidostreptus judaicus and. Blanwulus guttulatus it is 19 and 
40 respectively ; both are exceptionally long * thin * animals (PI. 53, figs. 26 and 27, 
the Blaniulus shown is a young specimen ; the adult is a quarter as long again with 
12 more rings). That there must be some general serviceability in a body that is 
neither extremely long nor short is shown by the many animals which approximate 
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to this shape, and the shortness of Glomeris and the snake-like proportions of 
Blaniulus appear to be associated with special habits and with size. 

The number of rings possessed by a millipede will affect the pushing power — 
which can be exerted by the whole animal. The push which can be transmitted 
to the head end by each of the almost equal sized rings of a 38 mm. T'achypodoiulus 
and of a 10-5 mm. Glomeris is 0:12-0:13 gm., but the 43 leg-bearing rings of T'achy- 
podoiulus produce four times the push per sq. mm. of transverse sectional body area 
as can be produced by the 10 rings of Glomeris (Table I, column 9). The ring volumes 
of Plusioporus sulcatus and Poratophilus punctatus are almost equal, but the former _ 
possesses more powerful legs, less deep rings and more of them (text-fig. 3 and PI. 53, 
figs. 24 and 25), and the high figure for its pushing power (Table I, column 9) would 
not be expected to be given by Poratophilus. However, the latter species was 
collected from shallow excavations in the soil close against the under side of very 
large stones near Grahamstown, South Africa, so that the push which can be exerted 
(which has not been ascertained) must be sufficient for the animal to gain the 
protection of such sites. 

The long body of Graphidostreptus judaicus, possessing about 10 or more rings 
additional to the numbers commonly present in the larger Juliformia (see below), 
exerts about twice the push per unit of transverse sectional area of the body as do 
other Juliformia shown in Table I, column 9, excepting the long legged Plusioporus 
sulcatus. However, if pushing power is advantageous, its attainment by unlimited 
addition of rings to the body appears to be unserviceable, since so few Juliformia 
other than Blaniulidae show bodies as long as G. judaicus. The habits of this 
Palestinian species are not known in detail. 

Text-fig. 7 shows more exactly how the pushing power of a millipede is effected 
by the shape and the number of its rings. 7. niger is indicated diagrammatically 
in text-fig. 7d. If this animal merely became larger with no other alterations, its 
pushing power per unit of transverse sectional area would decrease (see previous 
section). If, however, the rings carry similar legs and maintain the same volume but 
become deeper and shorter, as in text-fig. 7 e, the original 43 rings would form a shorter 
body possessing a weaker pushing power per unit of transverse sectional area. The 
original pushing power per unit of transverse sectional area could be restored by 
adding 6 rings, so making the body as long as that of T'achypodoiulus, but if the 
original overall shape was also restored, a further 4 rings would be required, and such 
an animal would exert a greater push per unit of transverse sectional area than 
Tachypodoiulus. Text-figs. 7f and g show the further effects of deepening and 
shortening the rings. The limbs in all are equal in length, and all are associated with 
similar sized muscles and are assumed to put out an equal pushing force. As the 
rings deepen, the original (stippled) 43 take up a shorter body length, elongation to 
X by additional rings restores the original pushing power, and elongation to the extent 
shown by the dotted line restores the original overall body proportions by the addition 
of 6 or 8 rings. The (f/w) of each ring will be the same as for Tachypodoiulus, and the 
segments present to the left of X will provide an additional push per unit of transverse 
sectional area of the animals in proportion to their number. Thus the maintenance 
of a constant overall shape, combined with shortening and deepening of the rings, 
the ring volume and leg length remaining constant, will increase the pushing power 
per unit of transverse sectional area of the millipede. 

It has been shown above how increase in size of a ring leads to inadequate pushing 
power. Adequate burrowing power may be expected to be maintained with increase 
in ring size if the latter is accompanied by a shortening and a deepening of the rings 
and by an increase in their number. It is significant that the larger species of juliform 
millipedes possess shorter, deeper rings and more of them than the smaller species. 
The British species, excluding the Blaniulidae, are commonly under 40 mm. in 
length and 3 mm. in depth and possess less than 48 leg-bearing rings, the (depth/length) 
of which is 2:9-3-6, An inspection of a sample of the British Museum collections 
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TEXT-FIG. 7. 


Diagrams showing (1) how an increase in pushing power for burrowing will be obtained by the 
transformation of a generalized arthropod into a diplopod by alterations in the proportions 
and in the number of its segments, the leg and its associated segment volume remaining 
constant ; (2) the effects of changes in shape and in number of the diplo-segments of a diplopod 
on the pushing power of the animal and (3) how the shape of the ring determines the maximum 
length of leg which is practicable for a burrowing habit. 


Figs. a-g: ring (diplo-segment) volume constant at 5-3 c.mm. as in Tachypodoiulus niger 38 mm. 
long, legs equal in length and assumed to have equal power. The eight segments or four 
diplo-segments drawn are of equal volume in each figure, 

©X ’ shows the hinder limit of the body needed for each type of animal to exert the same 

pushing force per sq. mm. of transverse sectional area as is exerted by Tachypodoiulus niger 

(0-8 gm.); this body length is lightly stippled. A body longer than ‘ X ’ gives more pushing 
force, and one shorter than ‘ X ’ gives less. The heavily stippled parts of figs. d~g show the 
extent of 43 diplo-segments. The lightly stippled parts of figs. d-g show the additional rings 
(diplo-segments) needed to provide a pushing force of 0-82 gm. per sq. mm. of transverse 
sect.onal area, and the parts of the body enclosed by the dotted lines in figs. e-g show the 
extra rings needed to give the animals the same overall proportions as in T'achypodoiulus 

rd niger, fig. d. 

Fig. me ih i ievtistionl arthropod without diplo-segments, each segment possesses a volume 
which is half that of the diplo-segment of 7’. niger, fig. d. The shape of the segments is that of 
Peripatus executing a ‘ bottom gear ’ gait. The overall shape is the same as T. niger. The 
pushing power per sq. mm. of transverse sectional area would be 0-5 gm. 

Fig. b. A hypothetical arthropod with segments shaped as in fig. @ but in number sufficient to 
give a pushing force per sq. mm. of transverse sectional area of 0:82 mm., that of 7. niger. 

Fig. c. Hypothetical animal with diplo-segments (similar to the ring proportions of B. guttulatus, 

but larger). The body with 26 rings possesses the same pushing power per sq. mm. of trans- 
verse sectional body area as 7’. niger. 

Figs. al,cl, dl and g1 show transverse sections of the animals shown in figs. a, c, d and g, to illustrate 
the degrees of projection of the legs which are all equal in length (that of 7’. niger). 

Fig. h. Transverse section of Oylindroiulus londinensis to show the shorter leg. 
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shows that species over 115 mm. in length possess 50-66 leg-bearing rings with a 
(depth/length) of 3-7-5-1, the majority of the sample examined being over 4-2. 
Specimens of the four largest species, the undescribed largest specimen, Archistreptus — 
dodsoni, Spirobolus cupulifer and Ophistreptus guineensis are respectively 254, 225, 
175 and 175mm. long, and possess 65, 66, 51 and 60 leg-bearing rings with 
(depth/length) of 4:8, 4:5, 4-4 and 5-1. Species differ in the finer details of their 
habits and habitats, and therefore in their needs, and there is no exact correlation 
between size and shape of the rings. 

The length of a ring is correlated to some extent with that of the leg. A wide 
ring allows a longer leg than a narrow ring in burrowers (p. 342). Plusioporus — 
(Table 1), from its size, might be expected to possess a shorter ring, but the length of 
its long leg appears to make a very short ring unsuitable, because long legs very 
close together will cross over on the forward stroke unless the phase difference 
between successive legs can be very small. Similarly the longer ring of 7. niger 
compared with the larger British Juliformia is related to the longer leg. 

The figures given in Table 1, column 7 show a regular correlation with ring size, 
as demonstrated by text-fig. 6, but the figures in column 9 are irregular and do not 
form an even series and have a smaller spread. The irregularity is presumably 
due to the variations in shape and number of the rings (columns | and 2), and to 
the relative length and strength of the legs (column 4), and were it not for the trend 
towards increase in ring number and the leg irregularities, the values in column 9 
would steadily decrease from below upwards. The small difference in the pushing 
power per unit of sectional body area for the two species of Cylindroiulus, T. niger 
and B. guttulatus representing a size range of 0-007 to 0-34 gm. is striking. The ~ 
legs of Blaniulus must, however, be relatively less efficient than those of the other 
species. 

If the performance of other large species resembles that of Ophistreptus, the 
falling off in the pushing power suggests that beyond a ring volume lying roughly 
between 200 and 300 cu.mm. satisfactory adjustments of ring shape and number 
can no longer be made. The maintenance of adequate burrowing power with 
increase in ring size by a shortening and deepening of the rings of the body, and by 
an increase in this number, cannot be carried too far. Musculature can only be 
inserted upon less than half of the tergite length, and shortening of the rings brings 
difficulties in flexure of the ventral region (p. 311 and below). Thus a limit is set to 
size increase for reasons other than those mentioned inthe last section. 


THE EvoLution oF THE DIPLO-SEGMENT. 


It is probable from what has already been said that an ancestral arthropod 
adopting a habit of pushing its way into leaf mould must initially have had short 
legs, not much longer than those of Peripatus (see Part 2, text-fig. 1), which did not 
project far beyond the sides of the body. The animal could have become a more 
efficient pusher by shortening and deepening its segments and increasing their 
number, at the same time maintaining the same overall shape (p. 346). Withincreasing 
depth and breadth of a segment, and a shift of the bases of the legs to a mid-ventral 
position, a longer leg could have been carried without much projection (p. 342), and 
with increase in leg length and in segment number giving greater pushing power a 
pases hard exterior and incompressible intersegmental joints must also have been 
evolved. 

A progressive shortening, deepening and increase in segment number in the 
ancestors of millipedes can have advanced their efficiency in burrowing, but such a 
tendency must have been halted by at least two factors: (1) the practicability of 
short segments, and (2) the need to maintain a suitable, but not excessive, degree of 
flexibility of the body. The comparison between the powers of lateral flexure of 
Blaniulus and Ophistreptus (p. 311, text-fig. 2m and n) shows that shorter rings 
increase the acuteness of the animal’s lateral bending, but leads to difficulties by 
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restricting the space for muscle insertions on the tergites and for the accommodation 
of tracheal pouches and limb musculature in an acute ventral flexure. Reference 
to text-figs. 3 and 7 d-g suggests that single segments of half the length of the diplo- 
segments shown might be impracticable. Ball and socket joints of the juliform 
type could scarcely be devised so close together, and reference to the plates shows 
that the two or three anterior rings with one pair of limbs are never as short pro- 
portionately as half the length of the diplo-segments. If the components of diplo- 
segments were unfused, the body would be needlessly flexible ; a sufficiency of mobility 
is essential, but all flexures at the joints must be firmly held by muscles when 
a push is transmitted to the head end, and excessive flexibility is unsuitable for a 
burrowing millipede. 

A fusion together of short deep segments in pairs in a millipede ancestor would 
overcome the limitations just mentioned. An animal may be postulated (text-fig. 7 a) 
with an overall shape and leg length as in Tachypodoiulus, with a segment volume 
half that of the diplo-segment of T'achypodoiulus, and the shape of the segment 
the same as that seen in Peripatus executing a powerful ‘ bottom gear ’ gait ; 20 such 
segments are needed to give the same overall shape as that of T'achypodoiulus. The 
pushing power per unit of transverse sectional area of Tachypodoiulus (fig. 7 d) would 
be 70 per cent greater than that of the animal in fig. 7 a, but if the latter burrowed, 
it would have to possess much shorter legs, projecting less far than in figs. 7a and 
al,and its pushing power would be very much less. Text-fig. 7 6 shows the effect of 
adding segments to the body without altering their shape, sufficient in number to 
attain the same pushing power per unit of sectional area as in Tachypodoiulus. A long 
thin animal, 22 times as long as it is deep, results and this is unlike the majority of 
millipedes in shape (see above, p. 345). In text-fig. 7 c another hypothetical animal is 
shown with diplo-segments of the same shape as are present in Blaniulus but of double 
the volume of the single segments in figs. 7a and 6. The number of rings required to 
give the same pushing power as T'achypodoiulus is 26, a smaller number than present 
in most juliform millipedes, and except for the Blaniulidae, this hypothetical creature, 
which is 18 times longer than it is deep, is longer and thinner than most millipedes. 
In order to maintain the same overall shape and attain a pushing power equal to 
that of Tachypodoiulus, the segments of the hypothetical beast must become shorter, 
deeper and more numerous than in figs. 7a, 6 and c; and unless most of these 
segments become fused in pairs to form diplo-segments, such a degree of shortening 
would be impracticable and the characteristic pushing power of T'achypodoiulus 
could not be achieved. Thus diplo-segments may have evolved in association with 
the habit of pushing by means of the legs, and without this fusion of segments in 
pairs the pushing power of millipedes would be smaller and their burrowing less 
efficient. 


Thr NATURE oF THE APPARENTLY SINGLE ANTERIOR SEGMENTS AND THE 
LocoMoOTION OF THE HARLY INSTARS. 


It has been shown above (p. 325) that the possession of only one pair of legs on 
_-the anterior rings of millipedes is one of several features which make possible a tight 
spiral position. These few pairs of legs are also characterized by serving the early 
locomotory needs of the animal; the body on hatching consists of the head, the 
legless collum, three leg-bearing segments, two diplo-segments bearing limb buds 
and the terminal embryonic region, except in the Colobognatha where a second 
air of legs is borne by the 4th ring. ; 
Bee adots SAE differs from that of many-legged animals in that the 
instability due to the utilization of less than three supporting legs at any one moment 
must be avoided, and the greatest stability must be obtained from the few available 
legs. Fast gaits with backstrokes of shorter duration than the forward stroke 
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usually cannot be used. If the paired legs are moved in the same phase, either 
2, 4 or 6 legs support the body at successive moments, and only two supporting 
legs give instability except to a jumping animal. But if the paired legs are moved 
in opposite phase, either 3, 4 or 5 legs support the body at different moments, 
stability is always maintained, and a more even loading of the legs is also possible. 

In bright light, when millipedes tend to seek shelter with all speed, the first 
instar of Polydesmus angustus, 1:16mm. long, employs a gait of approximately 
(3-5 : 6-5) with phase differences between successive legs of 0-4 and between paired 
legs of 0-5 (Pl. 55, fig. 46), a gait commonly found in insects. The animals can 
momentarily step with the paired legs in similar phase, using the same pattern of 
gait. This phase relationship between the paired legs contrasts with that of all 
adult Diplopoda except Polyxenus (Part 5), and gives the minimal instability 
attendant upon the possession of only six legs. The supporting three to five points 
of the body in the usual gait are well spaced out (Pl. 55, fig. 46), even if less widely 
spread than in the longer legged insects (see Part 2, text-fig. 3, p. 101). A less stable 
arrangement would result if the leg-bearing segments were very short, because the 
legs are short in respect of the growing posterior legless region. The first instar 
increases in length to 1-5 mm. before the next moult. 

The second instar possesses 6 pairs of legs. The pattern of the gait in P. angustus 
is now slightly faster, (5-0 : 5-0) to (4:5 : 5-5), the phase difference between successive 
legs is reduced to 0-2-0-25; the paired legs usually move in the same phase (PI. 55, 
fig. 43), although they can momentarily step in opposite phase, or in any other 
relationship. The supporting points of the body are evenly spaced, and the dis- 
position of the legs is reminiscent of that of the adult (Pi. 55, fig. 38). As more 
leg-bearing segments are added, so the phase difference between successive legs 
becomes reduced in accordance with the principles already discussed (p. 330), making 
possible the use of more powerful ‘ lower gears ’. 

The faster gaits of the second instar and onwards are made possible by the 
presence of additional legs, which give stability. The gait of the first instar, executed 
by three pairs of legs, results in 3, 4 and 5 legs pushing for respectively 0-3, 0-5 and 
0-2 of the time. If the first instar performed the (5-0 : 5-0) gait of the second instar, 
the phase difference between successive legs would have to increase to about 0-55*, 
there would never be more than three supporting legs at any time, and this would 
mean less stability than is obtained by the (3-5 : 6-5) gait. 

Thus it is clear that the employment of a slow gait by the first instar leads te 
advantageous stability, and that this is aided by the legs being fairly far apart. 

In both Diplopoda and anamorphic Chilopoda an increase in leg number after 
hatching allows the utilization of faster gaits, but in the Diplopoda the advantages 
resulting from the addition of segments is more significant in respect of additional 
power than of speed. 

Latzel (1884), Silvestri (1903), Attems (1926) and others have supported the view 
that the anterior ‘ thoracic ’ rings of millipedes are single segments, each possessing 
one pair of legs and tracheal pouches. Silvestri considered that the ‘ thorax’ 
included the 4th ring. Verhoeff (1901 c, 1910 and 1926), Brélemann (1935) and 
others have stressed the double nature of the 4th ring, a conclusion supported by 
the present work, in that functional reasons exist for the loss of a pair of walking 
legs on this ring in the Eugnatha. Verhoeff, on the other hand, has put forward a 
reasoned argument in support of the view that rings 2 and 3 also are modified diplo- 
segments, basing his view upon comparative anatomy of the rings, and on his 
suggested transformation of the anterior legs of ring 4 into penes and vulva. 
Pflugfleder’s (1932) account of the development of Playrrhacus, although not supply- 
ing the evidence needed to carry conviction for all his embryological findings, 
indicates the presence of two coelomic sacs and two ganglia for each thoracic segment. 


* The reason for this will be given in a subsequent Part dealing with hexapodous gaits, 
The increase brings leg ‘n-+1”’ on the ground well before leg ‘n’ is raised, : 
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A preliminary investigation into the development of Polydesmus appears to confirm 
the presence of two ganglionic rudiments on the second to fourth rings. 

The second and third rings resemble those behind them in possessing a furrow B, 
text-figs. 2 and 4 in the Juliformia, Colobognatha, Polydesmoidea and Nematophora, 
and in its absence from all rings in the Oniscomorpha, corresponding with the furrow 
Y in Verhoeft’s figures (1926). It has been shown above how the presence of 
this furrow serves similar functional needs on all the leg-bearing rings ; it provides 
a strengthening rib in the Polydesmoidea and in the Nematophora Chordeumoidea 
for pushing with the ‘ flat back’, it is concerned with forming the non-telescopic 
inter-ring joints in the Juliformia, Lysiopetaloidea and Colobognatha needed for 
head-on pushing, and the absence of this furrow in the Oniscomorpha and others is 
associated with the reduction of the body to a dorsal half cylinder connected with 
curling up into a ‘ pill’ in which neither of the above features are required. Moreover, 
the exact form of the furrow in each juliform species is correlated with the shape of 
the hinder margin of the ring, and thus the furrow does not necessarily mark a 
junction between two fused segments.. It is here suggested that the functional 
uniformity of the 2nd-3rd and more posterior rings is the basis of their similarity 
in structure, and that this similarity is therefore flimsy evidence for the double 
nature of the anterior rings, although the available evidence does suggest that these 
rings are modified diplo-segments. 

If anamorphic development in myriapods is secondary, as has been suggested 
(see Part 3 and Manton, 1949), the evolution of diplo-segments may have occurred 
all along the body in an early epimorphic state in association with the habit of pushing. 
A tendency to assume a spiral position is present in some Onychophora, this habit 
readily distinguishing Peripatopsis balfourt in the field. Such a habit may also 
have been present in ancestral diplopods. A perfection of the spiral reflex would 
lead to modifications (referred to on p. 324) of anterior diplo-segments, including a 
reduction in the number of legs. - 

The loss of a pair of legs would remove the apophysial function of a pair of tracheal 
pouches, and the loss of limb musculature would decrease the local respiratory needs. 
Reference to text-fig. 2 d shows the very small sternite surface available for spiracles 
and origin of tracheal pouches on the anterior rings, and text-fig. 3 @ shows the small 
space in which two pairs of tracheal pouches are housed in the abdominal region. 
The acute needs for ventral compression on flexing in the anterior region have 
already been noted. Ancestral millipedes probably did not have such short rings as 
shown in text-figs. 2 d and 3 a, but the difficulty of housing tracheal pouches as well 
as anterior limbs would follow on the perfection of the spiral reflex. The possible 
disappearance of a pair of tracheal pouches as well as a pair of legs on the anterior 
rings thus becomes understandable. The development of ganglia in animals tends 
to follow that of the corresponding mesodermal somites (Manton, 1949). The loss 
of a pair of legs on an anterior diplo-segment might be expected to be associated 
with a disappearance in the adult of an external distinction between the two pairs 
of ganglionic rudiments of the embryo on the anterior rings. There are therefore 
functional reasons why a few anterior diplo-segments might become modified as 
_ seen in present-day Diplopoda, but further evidence is required from embryological 
work now in progress. 

A differentiation of two or three anterior leg-bearing rings from the rest in milli- 
pedes clearly has nothing in common with the differentiation of a thorax in insects. 
Tt has already been shown how the fusion of segments becomes advantageous when 
leg-bearing segments are few and the legs long (Part 2, p. 114), resulting in a thorax 
or prosoma. The leg lengths seen in Part 2, text-fig. 3, p. 101, contrast with those 
of the young Polydesmus shown here on PI. 55, fig. 46, and the legs of young Juliformia 
are shorter still. The functional reasons for the evolution of a thorax in other 
arthropods appear to be quite different from those just considered concerning the 
anterior trunk segments of millipedes. 
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MorpHoLtogicaL Features ASSOCIATED witTH LocomotTory Hapsits. 
Pushing and Rolling Up. 


The structural features which appear to be associated with the habits (a) of 
pushing into the substratum and (b) of coiling into a defensive spiral when the head 
and legs are well protected, can now be enumerated. oN; 

Common to most millipedes: (1) non-telescopic ball and socket joints (or a 
derivative thereof) between the rings, the cylindrical form of which allows rotation 
of one ring upon the next as well as flexure in any plane; (2) short deep segments, 
most or all of which are in the form of diplo-segments, and a larger number of legs 
than is commonly found in other groups of Arthropoda; (3) strong rigid endo- and 
exo-skeleton, combining lightness with great strength, and embodying in their 
construction the principles used in designing steel girders; (4) trunk musculature 
capable of rigidly maintaining the flexures between the hard parts at the same time 
as a propulsive force is exerted by the limbs; (5) spiracles opening ventrally or 
ventro-laterally into a space maintained by the stance: (6) provisions allowing 
acute dorso-ventral flexure along all, or part, of the body, and the tucking under 
of the head. These provisions include the suppression of anterior limbs and the 
differentiation of the anterior few rings from the rest ; (7) legs arising mid-ventrally, 
longer than in primitive Myriapoda and Symphyla, and of the greatest length that 
can be accommodated without undue lateral projection. 

The Juliformia show, in addition, features connected with the above and with 
their speciality of head-on pushing and burrowing into fairly compact earth or 
mould, etc.: (8) the smooth surface and rounded contours of the body, antennae 
which lie flat, ete. ; (9) no marked neck on dorsal or lateral surface, broad strong 
antero-dorsal aspects of head and collum, the latter turning forwards so as to transmit 
the anteriorly directed thrust of body against a resistance; (10) the fusion of the 
component parts of each ring, giving a rigid base for the legs; (11) the proximal 
‘head’ on the coxa, locked in the ring skeleton, providing the compact extrinsic 
muscles with a lever for their insertion ; (12) the presence of the furrow B round 
each ring, which contributes to the formation of non-telescopic inter-ring joints ; 
(13) the sternite region displaced anteriorly, and with the tracheal pouches so situated 
as to allow an overlapping of both in acute dorso-ventral flexure, each sternal zone 
being pulled ‘dorsal to that of the preceding ring; (14) limited length of the legs, 
which in the majority do not project much, if at all, beyond the sides of the body ; 
(15) the large number of short, deep rings, needed to supply sufficient power from 
relatively short legs; the most numerous and relatively shorter rings occurring in 
the larger species. 

The Oniscomorpha show features which are correlated with head-on pushing 
and with coiling into a ‘ pill’ additional to 1-6 above : (16) the ‘ shield ’, formed by 
tergite 2 or by tergites 2 and 3 fused, which transmits the forward thrust, and 
completes the anterior end of the ‘pill’; (17) the small number of rings and the 
reduction of the body approximately to a half cylinder, with consequent modifications 
in endo-skeleton and muscles; (18) flexible pedigerous lamina, five longitudinal 
hinges between the ventral elements, sternites overlapping from behind forwards, 
etc. ; (19) the many features which cause the hard parts to fit together neatly, and 
which also prevent them opening out too far ; (20) a flattening of the limbs in the 
transverse plane, the wide bases of the coxae and the form of the limb flexures ; 
(21) the locomotory force originating in the limb muscles being supplemented by 
muscles which move the tracheal pouches antero-posteriorly. 

The Nematophora (Chordeumoidea) show features additional to 1-6 and 21 which 
appears to be correlated with pushing by the dorsal surface and with running more 
speedily than other millipedes : (22) longer legs which hinder burrowing in compact 
material, but provide increased power and speed, and the presence of a trochanter 
(see p. 362) separate from the coxa ; (23) projecting keels (Polymicrodon and Craspedo- 
soma) which increase the pushing surface and give some protection to the legs ; 
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(24) dorsal median groove and curved buttresses on the skeleton providing strength, 
the transverse groove B providing a strengthening rib between the limbs and 
dorsal surface ; (25) sternites which can increase their overlap from before back- 
wards, a median papilla stopping each sternite from pressing too closely on the limbs 
of the following sternite; (26) extrinsic muscles from the coxa crossing to the 
opposite side of the body, and bracing the base of the leg against the thrust which 
can be exerted by the dorsal surface, and a‘ head ’ on the coxa in principle resembling 
(11) that of the Juliformia (text-fig. 8b); (27) a more mobile neck and a small 
collum ; (28) the presence of about 30 rings may be correlated with legs longer than 
in Juliformia and Oniscomorpha and the presence of keels (see p. 360). 

The Polydesmoidea, such as Polydesmus, are the most powerful of the millipedes 
here examined ; they are adept at forcing a way into cracks but cannot burrow in 
compact soil owing to the length of the legs and presence of keels. They show, in 
addition to features 1-6, 10 and 22: (23) keels almost as in the Nematophora 
Chordeumoidea, but more strongly developed, and with dorsal sculpturing instead 
of a dorsal groove; larger keels necessitate (29) longer and fewer rings than in the 
Chordeumoidea (see also p. 359); (26) in principle as in Nematophora, but differing 
in details ; (30) longer legs which are stouter than in other millipedes, particularly 
in males ; (31) ventral dilatations of the rigid pedigerous lamina, which house long 
and short extrinsic leg muscles and allow (32) a lateral origin of the limbs and laterally 
directed spiracles. 

The Colobognatha, exemplified by Polyzonium, combine the several specialities 
of the former orders, but each capability is less advanced. Polyzoniwm is not fleet, 
but is not as slow as the Oniscomorpha ; it pushes mainly by the head end, but the 
dorsal surface takes the resistance, and it is a moderate burrower. Features (1) 
and (3) are less effectively developed, (2), (4) and (21) are present; (6) has not 
involved the anterior legs on ring 4 because the head is small. The pedigerous 
lamina and sternites are intermediate between (18) and (25), the sternites are median 
as in Nematophora, but when the body is straight they do not overlap. 

The changeable shape of the body combines to some extent the advantages of a 
cylindrical ring (Juliformia, etc.), with one approximating to a half cylinder (Onisco- 
morpha), and the projecting junction of tergite and pleurite to some extent gives the 
same advantage as the keels of Polydesmoidea and Nematophora. 

This long list of features associated with pushing into the substratum and with 
curling up embraces the more conspicuous features of millipede morphology, excluding 
the head, feeding and sense organs, gonopods and viscera, and therefore indicates 
the importance of the part played by these habits in the evolution of the group. 

There are other accomplishments correlated with structure which are less wide- 
spread in their occurrence and concern certain groups only. 


Rock-clumbing. 

A marked ability to climb on smooth rock surfaces at any angle is found in 
Polyzonium and among the Nematophora in the Lysiopetaloidea, which are also 
fitted for pushing in stony places (p. 361). This climbing habit necessitates a 
_ powerful grip by the legs of a pair, and possibly the use of adhesive coxal sacs 

when the animal rests. In summer Polyzoniwm walks upside down across smooth 
chalk boulders, where it may remain for hours or days hanging on in a chiton-like 
manner, with neither head, antennae nor legs exposed. The coxae are held close 
to the rock, and the body is flattened (text-fig. 4h), so that the keel-like lateral 
angles cover the legs closely and approach much nearer to the substratum than 
in text-fig. 4g, a compensatory elongation of the body making so great a change 
- in shape possible. Sensory spines on the coxa and prefemur of the length shown 
in text-fig. 8¢ must be of importance. During the winter Polyzonvum penetrates 
into compact vegetable matter and leaf mould, frequently deep in moss, where it 
remains curled up for weeks without moving, and is difficult to find in spite of its 
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Trxr- FIG. 8. 
aand b: Lysiopetalum illyricum, (a) lateral view of a few rings showing the ‘ furled’ position of 
the legs; (6) single leg showing the segments and muscles; (ce) Polyzoniwm germanicum, 


posterior view of legs and sternite ; (d and e) Sphaerotherium giganteum, the diagram (d) shows 
the normal positions of the sections of the body A, B and C which are opened out in (e) where 
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bright orange colour. No other available millipede has been found capable of 
walking and remaining upside down on a fairly smooth glass surface, but the 
Lysiopetaloidea may be expected to be able to do this also. The Juliformia walk 
upside down on a rock surface ineffectively ; some species readily fall off, others 
cannot do it at all. The Oniscomorpha cannot walk upside down; the Poly- 
desmoidea can hold on to wood and bark in any position, although they do not 
normally choose to hang upside down for long ; Microchordewma readily runs over 
the underside of a stone but Polymicrodon falls off more easily. 

The limb musculature of millipedes controls the types of lez movements which 
can take place, and thus the gripping or pushing abilities. Four extrinsic muscles 
are found only in the Polydesmoidea and Nematophora, the longus muscles crossing 
to the opposite side, in contrast to the two coxal muscles present in other orders. 
The four coxal muscles allow the animals to push with the dorsal surface (p. 313). 
The retractor coxae of the Colobognatha must function in a similar manner, it partly 


LEGEND TO TEXT-FIG. 8 (coniinued). 


the dorsal body wall A is cut off, the lateral body wall B is turned outwards away from the 
ventral section C, the viscera, fat body and most of the tracheae are removed to display the 
musculature and endoskeleton, the dissection being carried progressively deeper towards the 
anterior end of the section of the body shown ; (f) posterior view of the union between the 
coxa and tracheal pouch. 

For key to lettering on figs. a—c see legend to text-fig. 3, p. 309. 


ASX. musculus apophysis  sternalis mi. flexible membrane between 
externus. sclerites and leg bases. 
aS.AN, musculus apophysis  sternalis .p.t. flexible membrane forming hinge 
internus. . between pleurite and tergite. 
ap.s.7, ap.s.9. apophysis squamosi lateralis of 7.c. nerve cord. 
the 7th and 9th rings 2. nerve to limb. 
respectively. ob.an. obliquus anticus, anterior part, 
Ct. internal cavity of coxa. the posterior part is not labelled. 
dor. par. dorso-paratergalis. - ob.m. obliquus medius. 
2D. fat body. ob.st.ext. obliquus sternalis externus. 
f.b.n. nerve to fat body. ob.st.int. obliquus sternalis internus. 
fi.in.long.in. flexor inferus longus internus. p.6. pleurite of 6th ring. 
jfi.in.long.ex. flexor inferus longus externus. (0.7.0. upturned anterior edge of pleurite 
hs. dorsal gap in musculature occupied of 6th ring. 
by heart. pf. prophragma. 
hi. hinge between coxa and strut from  prot.cow. protractor coxae. 
tracheal pouch. ret.cox. retractor coxae. 
t.P.t.p. inner ramus of tracheal pouch. ret.d. retractor dorsalis. - 
INWV.AN. involvens inferus cut down to vret.infm. retractor inferus mesotergiti. 
expose tendon (white) from the _ ret.ob.d. retractor obliquus dorsalis. 
following ring. ret.par. retractor paratergalis. ; 
inv.in.in. pars infera involventis inferi. S.€. anterior back-curled edge of 
INV.IN.S. pars supera involventis inferi. sternite. ‘ 
INV.S.aN. pars antica involventis superi. 8.1.0. anterior sternite of 7th ring. 
inv.s.post. pars postica involventis super. Sale posterior sternite of 7th ring. _ 
Lr.t.p. lateral ramus of tracheal pouch. Sp. position of spiracle on ventral side. 
lev.ap.an. levator apophysis anticae. st.int. sternalis intersecautus. 
-lev.ap.an.s. pars superficialis levatoris t.p. tracheal pouch. 
apophysis anticae. t.7.a., t.10.a., t.12.a. anterior tracheal pouch 


lev.ap.post. levator apophysis posticae. of 7th, 10th and 12th rings 


lev.ap.post.s. pars superficialis levatoris respectively. — 

eet reaieee posticae. : t.7.p., t.10.p., t.12.p. posterior tracheal pouch 

lev.s.an.(s.9.p.), lev.s.an.(s.10.p), lev.s.an.(s.11.p) of 7th, 10th and 12th rings 

levator sternalis anticae to the respectively. 

posterior sternite of rings 9, 10 te.6.,te.7. tendon from 6th and 7th rings 
and 11 respectively. respectively. m 

Lev.s.post.(s.9.a),  lev.s.post.(s.12.a), levator 6-12. tergites of 6th to 12th rings 
sternalis posticae to the anterior respectively. 


sternite of rings 9 and 12 
respectively. 
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crosses over in Pseudodesmus (Silvestri, 1903, fig. 326), and in Polyzonium the pair 
meet in the middle line (text-fig. 8c). Both the retractor and protractor coxae of 
Polyzonium run inwards towards the middle line in contrast to their positions in the 
Juliformia where the gripping ability is less (compare text-figs. 3 ¢ and 8 ¢). 

The legs of Polyzonium are shorter than in most millipedes (Table I), and they are 
wide in the transverse plane, particularly at the base, as in the Oniscomorpha. 
A longer leg would not be covered by the sides of the body. The coxa houses four 
muscles moving the prefemur in the Opisthandria (see Silvestri, 1904, fig. 331) and 
three in Polyzonium (text-fig. 8 c), while other millipedes possess but two such muscles 
(see text-figs. 3candf). The powerful grip exerted by each pair of legs in Polyzoniuwm 
must be due to the wide coxa, allowing a large depressor prefemoris, to the more 
proximal spread of the flexores tibiae, tarsi and unguiculi than in the Juliformia 
and Polydesmoidea, a feature also seen in Lysiopetalum (see p. 361 and text-figs. 2 g, 
3c, and 8b and c) and to the distal joints between the segments of the limb being 
hinged on the dorsal side (text-fig. 8 c), as in most millipedes. 

Text-fig. 8 c shows the large ventral shoulder on the coxa of Polyzonium housing 
the coxal sac, an eversible organ apparently evaginated by blood pressure and 
provided with large retractor muscles. The function of coxal sacs is uncertain. 
They occur on most legs of both sexes of millipedes only in the Colobognatha and 
Lysiopetaloidea, these being two groups with rock climbing abilities; the large 
size of the retractor muscles suggests that the coxal sacs might be used for adhesion, 
assisting the legs during prolonged hanging from the underside of rock surfaces. 
An adhesive function has been suggested for the protrusible vesicles of the ventral 
tube of Collembola (Imms, 1942). Tiegs (1949) has shown that water absorption 
is a function of the coxal sacs in Symphyla, and a similar suggestion has been made 
for these organs in the Diplura and Thysanura (Imms, 1942). The coxal sacs of the 
Colobognatha and Lysiopetaloidea also may be used for absorbing moisture. The 
presence of coxal sacs in these groups has been regarded as a primitive feature 
(Verhoeff, 1901 b), but the suggestion that they represent the ‘reins coxaux’ or 
‘segmental organs’ of the Onychophora (Brélemann, 1935; Wood-Mason, 1879) 
has little to commend it. Coxal sacs of the Arthropoda vera have more in common 
with the coxal organs, which are found in some onychophoran genera such as 
Peripatus and Opisthopatus (Purcell, 1900) whose function is unknown, than with 
the segmental excretory organs or ‘ nephridia ’ which are present in all Onychophora. 


Tue EvoLuTiIon OF THE DIPLOPODA. 


Primitive and Specialized Features, the Colobognatha and Oniscomorpha. 


The range of gaits shown by all groups of Diplopoda is remarkably wide compared 
with other many-legged arthropods (see Part 2, p. 105, Table 2), but no one order 
can be regarded as showing a primitive myriapodan condition. The Diplopoda as 
a whole are highly specialized, both in the locomotory mechanisms and in their 
associated morphology. It has been shown why a large number of legs is essential 
for the employment of powerful ‘ low gears’ (p. 330) and how the many-legged state 
fas been made practicable (pp. 346 and 304-324). Attems (1926) noted the reasons 
why no existing group of millipedes can be regarded as having had the potentiality 
of giving rise to all the others. 

Many of the most primitive animals living today appear to have remained so 
because they have also become highly specialized in some limited way. The Mono- 
tremata are a well-known example, and Polygordius may be another in which it has 
been suggested (Manton, 1949) that the persistence of a primitive manner of develop- 
ment of the whole trunk region may be due to the great elaboration of the prototroch. 
The Colobognatha may be a further example. Apart from characters 1-7 on p. 352 
the greatest specializations of Polyzonium, the only available representative of the 
group, concern rock climbing, which affects the body and legs (p. 353), and an unknown 
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_ Imanner of feeding affecting the head and mouth parts. Except for rock climbing, the 
range of capabilities of the Colobognatha clearly represents a more primitive level than 
is found in the other orders, which show restricted but perfected activities. The chiton- 
like habit of Polyzoniwm, made possible by leg structure, changeable shape, and 
possibly by the coxal sacs, may be a general accomplishment within the Colobognatha. 
Systematists have recognized a greater number of primitive features in the 
Colobognatha than in the other orders, features such as the primitive condition of 
the 4th ring, the more leg-like form of the gonopods and the state of the inter-ring 
joint (see also p. 323). Verhoeff (1926, pls. 6 and 7) regards free pleurites algo as 
primitive, since Permian diplopods show this feature. However, these fossils appear 
to be more advanced than the Colobognatha in their longer legs. 

If free pleurites characterized primitive millipedes, presumably free sternites 
were also present, but it is unlikely that a locomotory force, implemented by sliding 
the tracheal pouches backwards and forwards, was a primitive character. Peripatus 
does not shift its leg bases. The range of movement of the sternites of Polyzonium 
appears to be smaller than are those of the Oniscomorpha and Nematophora, and 

the form of the sternites of Polyzoniwm is more primitive than in the other two 
orders in that the sternites do not overlap when the body is straight, and butt up 
rather than overlap on dorso-ventral flexure. The overlap of the nematophoran 
sternites from before backwards and of the laterally placed oniscomorphan sternites 
from behind forwards are mutually exclusive. Both could have been derived from 
a primitive stock in which neither antero-posterior sliding nor overlap of the rigid 
parts of the sternites took place. Such sternites were probably short, packing 
together much as in Polyzonium on flexure, and from such a condition that of the 
Colobognatha, Nematophora and Oniscomorpha could have been derived. A con- 
vergent evolution of larger apophyses from the tracheal pouches, and more 
elaborate muscles to move them and the limb bases backwards and forwards, must 
have occurred independently in. the Oniscomorpha and Nematophora; and the 
inter-tracheal pouch musculature of either could have been derived from the simple 
pair of longitudinal muscles uniting the tracheal pouches and sternites of Polyzoniwm 
(see Verhoeff, 1928, fig. 728), together with the entirely different methods of over- 
lapping of the sclerites (see also Appendix). 

There is no direct indication as to the stage at which a median sternite was 
evolved. No functional advantage can be suggested for the existence of paired 
sternites in a primitive millipede already possessing the pushing and burrowing 
habit and mid-ventral origin of its limbs. A median sternite would appear to be 
the more advantageous, except in animals specializing in (1) rolling up and (2) doing 
so by reduction of segment numbers, and (3) maintaining power by thickening the 
remaining legs, which leads to very little or no space being available for hard parts 
-mid-ventrally around the leg bases, as in the Oniscomorpha. The fusion of the 
sternites with the rest of the ring in the Juliformia, Polydesmoidea, and in a few 
Colobognatha gives rigidity to the limb base by means of the skeleton, and an 
abandonment of the primitive use of muscles for this purpose, as seen in the 
Onychophora, and as occurred presumably in Archi-diplopoda. 

It is suggested below that the presence of a well-formed trochanter on the leg 
~ between the coxa and prefemur in the Lysiopetaloidea (text-fig. 8 6, tr) is correlated 
with the marked ability to curl the leg up over the ventral edge of the tergite. This 
segment, which always lacks muscles of its own, is small but distinct in other Nemato- 
phora (text-fig. 20 and p), and probably serves the same purpose. In the Poly- 
desmoidea and Juliformia the trochanter is not separate from the coxa (text-fig. 3 d 
and f), the base of the leg thereby possessing stability and a desirable limitation 
in its movements (p. 314). It is possible that the presence of a movable 
trochanter may have been a primitive feature possessed by millipedes at a stage 
when they all possessed free sternites; that the segment has persisted in the 
Nemtatophora where the long legs fold up against the body ; and that it has become 
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fused to the coxa in the Polydesmoidea and Juliformia where fusion of the sternites 
with the tergite removes any projecting ridge, and therefore any need for this joint. 
The flatness of the ventral side of the Oniscomorpha and of Polyzonium, together 
with the shortness of the leg in the latter, also removes the need for the trochanter, 
although free sternites are present. The short wide trochanter of Polyzoniwm 
probably does not confer added mobility to the leg. 

Two theories have been put forward to account for the numbers of body segments 
in different animals, both for millipedes and centipedes, and either long or short 
bodied forms having been considered primitive. For millipedes as for centipedes 
(Part 3) functional reasons can be suggested for adopting a middle course, rather 
than the ‘ Elongationsprincip ’ of Verhoeff (1901 a) or the ‘ Kondensationsprincip ’ 
of Nemec (1901), Attems (1926) and Brolemann (1921). Lawrence (1952) has pointed 
out that Arthropods with small numbers of body segments tend to show fixed numbers 
either within the species or the group. The belief that an indefinite number of 
segments is more primitive than a fixed number favours a suggested primitiveness 
of the Juliformia and Lysiopetaloidea which possess a variable, but large number 
of rings, and the clear secondary reduction in segment numbers within the 
Opisthandria indicates that the smaller numbers are here the more specialized. 
Glomeridesmus (Limacomorpha) possesses 20 rings and curls into a moderate ‘ pill’ 
(Pl. 54, fig. 35), although Attems (1926) states the contrary for the Limacomorpha : 
“ Korper nicht in ein Kugel einrollbar ’. Progressive specialization for rolling up 
has probably led to the more perfect * pills’ seen in the Oniscomorpha, Sphaero- 
therium with 21 pairs of legs and a shield formed only by the 2nd ring being more 
primitive than Glomeris with 17 pairs of legs and the 3rd tergite fused with the 
second. (This does not imply that the Oniscomorpha have ever possessed anterior 
tergites as seen in the Limacomorpha.) 

It has been assumed that a similar shortening has occurred in the Nematophora 
and Polydesmoidea. In the former the Lysiopetaloidea possess over 40 rings, and 
the Chordeumoidea fixed numbers of 26-32 rings, most species showing 30. In the 
Polydesmoidea the range is 19-28 rings, the majority of species possessing 20. The 
smaller numbers in each order have been considered to be the least primitive. Attems 
(1926) noted that there is no obvious reason for the supposed reduction in ring 
numbers in the Nematophora and Polydesmoidea, although he believed it to have 
taken place. It is suggested below that the large number of rings in the Lysio- 
petaloidea is not primitive. 


Primitive Millipedes. 

It has been shown above how a shortening and deepening of the body segments 
and an increase in their number must have increased the pushing power of an 
ancestral millipede and led to the formation of diplo-segments and ball and socket 
joints, so rare outside chordates and echinoderms (p. 348). The acquisition of the 
mid-ventral origin of the legs would appear to have originated in conjunction with 
the burrowing habit of such an ancestor. Mechanical difficulties must have been 
encountered, particularly in effecting a close dorso-ventral flexure. Beyond the 
gee: at ens the ee habit had ea to the formation of diplo-segments, the 
paths of the several orders appear to have diver i ily i iati i 
the finer details of their habits. ipomaegametrmcy ee 

The same problems have been solved in different ways by the several orders 
and parallel evolutions of the same solutions have occurred. Examples are seen 
in the various methods of rolling up (p. 324) in the ‘ pill’ millipedes of various groups 
p. 321) and in the several occurrences of keels (p. 327). The development of four 
extrinsic coxal muscles, the longus pairs crossing to the opposite side of the body and 
differing in details in the Polydesmoidea and Nematophora, must have evolved 
independently along with the long powerful legs and particular pushing habits 
The narrow coxal articulation with the ring in the Nematophora and J uliformia 
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_ (text-figs. 3d and 8 b) is a parallel evolution associated with the cylindrical form of 

the body. The unconstricted base of the coxa in the Polydesmoidea is correlated 
with the laterally directed limb origin. The wide coxal articulations in the Onis- 
comorpha and in Polyzonium-are associated with the flatter ventral surfaces. The 
various functions performed by the constriction B in the several orders are referred 


to on pp. 305, 351, etc. Further examples of parallel evolution have been noted in the 
account of the muscular systems. 


Juliformia. 

Burrowing by the head end is suggested as a habit of predominant importance 
in. the evolution of the Juliformia, the burrowing being carried well below the litter 
of woodlands to which the longer legged Polydesmoidea and N ematophora are 
largely restricted. Leg length is limited by the habit (p. 342) and the evolution of 
many short deep rings has been shown to be associated with the provision of adequate 
pushing power (p. 346). Efficient burrowing is only possible within a certain size 
range (pp. 345 and 348). Progressive elongation of the body, in the sense of adding 
more rings but maintaining the same overall shape, represents evolutionary progress 
in the Juliformia. The acceptance of the latter conclusion does not imply that the 
shortest existing millipedes in all other groups are the most primitive. We can only 
guess the number of rings possessed by the ancestral stock at the time when diplo- 
‘Segments were evolved and before the modern orders diverged. It is suggested 
here that the larger Juliformia with the more numerous shorter rings represent the 
culmination of a line of evolution which cannot be advanced further for mechanical 
reasons, and that such millipedes cannot be considered primitive (p. 346). Indeed, 
many of the larger species of Spirostreptomorpha, whose size renders them poor 
burrowers, have taken to a more exposed way of life, and travel considerable distances. 
The long legs of Plusioporus (Table I and Pl. 53, fig. 24) may be associated with 
such a habit. 


The acquisition of longer legs gives increased speed and power, but limits the 
type of substratum which can be penetrated. It is possible that an early develop- 
ment of longer legs and a habit of pushing by the dorsal surface rather than by 
the head end took place in the ancestors of the Nematophora Chordeumoidea and of 
the Polydesmoidea betore the tendency to shorten and deepen the rings and increase 
their number had been carried very far, and it is unlikely that these groups ever 
possessed as many rings as can be found in the Juliformia. There appears to be 
no direct evidence as to whether the species in each order possessing the greater 
or the smaller number of rings are the more primitive, although analogy with the 
-Oniscomorpha and other arthropodan groups has inclined opinion towards regarding 
the smaller numbers as the more specialized. 


Polydesmoidea. 


The evolution of the Polydesmoidea appears to have been associated with the 
habit of pushing by the ‘ flat back ’ into the layered decaying leaves of a woodland 
“floor and other matter which tends to split open along one plane, rather than. into 
the soil. Pushing by the dorsal surface uses a greater area for the application of 
the force than pushing by the head end as in the Juliformia, and the force appropriate 
for pushing by the dorsal surface is greater. The Polydesmoidea possess the most 
powerful legs and most fully developed keels to be found among millipedes. 
A large keel will contribute most to enlarging the dorsal surface and to giving cover 
for the leg, but it cannot be borne on a short ring because lateral bending of the 
body would be impaired (p. 313). Whether the rings of the Polydesmoidea 
have undergone secondary elongation and a reversal of the primitive tendency 
to become shorter has yet to be proved, The diplo-segments of Polydesmus are 
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relatively shorter than are two segments of any centipede or of Peripatus walking 
moderately fast (Table I) and they represent some 40 single segments, a number 
larger than those of most Onychophora and the more primitive number envisaged 
for the Chilopoda (see Part 3). Thus a shortening of the segments appears to have 
taken place to some extent in the Polydesmoidea, and if the characteristic habits 
of these animals were established early, the group may never have progressed as 
far as other millipedes in shortening the rings and adding to their number. On the 
other hand, it is perhaps more probable that the evolution of longer, stouter legs 
and larger keels occurred long after the acquisition of diplo-segments. The evolution 
of keels above a certain size must necessitate a secondary elongation of the rings 
and a reduction in their number if the flexibility of the body and the usual overall 
shape is to be maintained. This number of rings will be expected to be smaller 
than in the Nematophora Chordeumoidea (see below). 


Nematophora. 


The problems of life in woodland litter have been solved by the Nematophora 
in a different way, giving a remarkable convergence to the Polydesmoidea in the 
habit of pushing with the dorsal surface (pp. 326, 341 and 343), and with thisis associated 
fairly long legs, extrinsic limb muscles which cross over, and in the Chordeumoidea 
the frequent appearance of keels. The Nematophora have achieved extra power 
by exploiting the possibilities of the primitively free sternites in a manner parallel 
to that of the Oniscomorpha, and their fleetness may be correlated with the adoption 
of a more omnivorous or carnivorous diet (see below). 

The presence of more rings in the Nematophora than in the Polydesmoidea, and 
the smaller size of the nematophoran keels are probably both associated with the 
presence of free sternites. It has been shown how Juliformia of very different sizes 
but similar habits exert the same order of pushing force per unit of transverse 
sectional body area (p. 348). Litter living Polydesmoidea and Polymicrodon might 
need comparable pushing powers if their habits were identical. The pushing power 
which can be exerted by a ring of Polydesmus is greater than that exerted by an 
equal sized ring of Polymicrodon or Craspedosoma (see Table I, column 1 and left 
side of column 8), but the total pushing powers of these animals (column 9) are less 
unlike because of their different number of body rings (the entries in column 9 are of no 
real significance in the life of the animals but are given because of the difficulty of 
estimating the area of the dorsal pushing surface of a ‘ flat backed’ millipede). In 
Polydesmus much of the musculature directly contributes to dorsal pushing, since 
rigid skeleton holds the base of the leg. In the Nematophora, however, part of the 
musculature prevents the legs from displacing the free sternites upwards, and thus 
energy is used to oppose the leg muscles in dorsal pushing. To attain comparable 
power the Nematophora would be expected to possess more rings than the Poly- 
desmoidea, and if the same overall shape is maintained, the rings must be shorter 
and keels, if any, smaller. Actually many Nematophora are relatively longer than 
other millipedes (p. 345), perhaps indicating that the need for power is greater than 
the advantages conferred by the average overall shape, and even with the longer 
body Polymicrodon is less powerful than Polydesmus. If the characteristic litter 
living habits were adopted when the ancestral stock had acquired no more than 
about 30 rings, the modern Chordeumoidea may never have possessed a greater 
number, and there appears to be a functional explanation for this number being 
larger than in the Polydesmoidea. 

The presence of keels, which assist in pushing by the dorsal surface and in 
providing cover for the legs, is a hindrance in head-on burrowing. A tendency 
to find cover for the legs, whether well formed keels are present or not, may have 
led to the separation of the trochanter from the coxa in the Nematophora which 
allow the legs to furl close against the sides of the body over the ventral edges of the 
tergites, a tendency which appears to have contributed to the burrowing and other 
special abilities of the Lysiopetaloidea, 
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The nematophoran suborder Lysiopetaloidea occupies a position of interest. 
Attems (1926) called attention to the absence of sharp dividing lines between the 
Juliformia, Nematophora and Polydesmoidea, and to the resemblances of the 
Lysiopetaloidea to all three groups. The Lysiopetaloidea lack keels and are heavily 
armoured. The legs and antennae are long and the sternites free. The tergites 
are shorter than in the Chordeumoidea, more juliform-like in shape and over 40 in 
number. In Lysiopetalum illyricum the (leg length/ ¥/ring volume) is 2-0 and the 
(depth/length) of a ring is 4-0 (compare with other entries in Table I). The appen- 
dages of the 7th ring resemble those of the Polydesmoidea. The collum igs larger 
than in Craspedosoma but does not form such an effective ramming point as in the 
Juliformia. 

Unfortunately no living representative of the Lysiopetaloidea has been available. 
This group is restricted to the Mediterranean and Balkan regions, and occurs in 
stony places devoid of vegetation, under large rocks, and in caves. Verhoeff (1926) 
notes that these millipedes live in such a manner that they must go and seek their 
food, instead of being surrounded by it, as is the case with the majority of millipedes. 
Verfasser (1900), quoted by Verhoeff (1926), found Apfelbeckia landenfeldi on the 
walls of completely bare caves. He kept them for a considerable period and they 
refused all vegetable food, but took dead flies, geophilomorpha, living earthworms 
and a phalangid, eating the whole of the prey. The Chordeumoidea are fleeter than 
any other millipedes recorded above, and they are omnivorous, insect remains as 
well as plant material being found in the gut. The Lysiopetaloidea appear to have 
gone a stage further in adopting a carnivorous diet, and presumably the marked 
unpleasantness of the discharge from their stink glands, the contents of which pours 
out more rapidly than in other millipedes, together with the evil smelling fluid 
squirted from the rectum (Verhoeff, 1926), is associated with the aggressive tendencies 
and more exposed habits of this group. 

Lohner’s (1914) photographs of Lysiopetalum wlyricum show the same type of 
limb movement as seen in the Chordeumoidea (Pls. 53, 54, figs. 18, 20, 28). Gait 
(6-7 : 3-3) is shown by Lohner’s pl. 10, fig. 21 of ‘ very fast running’. It is probable 
that this millipede is indeed a very fast runner, because a gait as fast as this has 
only once been recorded in the present work. The carnivorous diet, and a need 
to go and search for food, would make fast moving more desirable to this group than 
to all others. Léhner’s photographs of ‘ slow walking ’, figs. 17 and 18, indicate 
gaits of about (4:8 : 5-2) and (5-0 : 5-0), showing that the animal was then still using 
moderately fast gaits. It can thus be concluded that Lysiopetatwm is probably a 
fleet carnivore. 

The Lysiopetaloidea are unique among millipedes in several respects. The legs 
in running are held as in Polymicrodon (PI. 53, fig. 18), but owing to their structure 
they can grip a rough surface very firmly and can furl very closely up and against 
the sides of the body (text-fig. 8 a), and in this position the leg tips can be powerfully 
flexed downwards, backwards and outwards. The leg is curved and cannot lie in 
any one plane. The trochanter (text-figs. 8 a and 6) enables the leg to curl up and over 
the ventral edge of the tergite, and the retractor prefemoris and levator femoris hold 
the leg close in. The long tarsus is partially divided in this group alone, and the 
~ distal part of the tibia is wide. The leg is clothed with spines which are particularly 
long on the ventral side. The musculature of the whole leg is adapted to give a 
particularly powerful distal flexure. In Polydesmus a very regular series of flexor 
muscles is present all along the leg (text-fig. 29). In Lysiopetalum the flexor 
unguiculi arises from the whole length of the tibia instead of from its distal half. 
The flexor tarsi is larger than in any other described group of millipedes, arising 
from nearly the whole length of the femur and postfemur. The flexor tibiae arises 
only from the proximal end of the prefemur, and directly pulls against the strap- 
like levator femoris. The flexor muscle to the postfemur is also strap-like, very 
long and ventral in position, extending through the whole of the femur and prefemur, 
filong.po.fe. The long narrow levator femoris, flexor tibiae and flexor longus 
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postfemoris above and below, and the very large fan-shaped flexores tarsi and 
pretarsi must give great power to the tip of the leg. No other group of millipedes 
shows such leg structure. The Juliformia cannot hold their legs in this position, 
even when the legs are fairly long. 

Polymicrodon and Craspedosoma have smaller trochanters, and strap-like levator 
femoris and flexor longus postfemoris muscles are present, but the leg tapers, and 
flexores tibiae, tarsi, and unguiculi form an even series. The occurrence of coxal 
sacs and sensory spines projecting ventrally from the basal segments of the leg of 
Lysiopetatum and Polyzonium (text-figs. 8b and c), in contrast to the paucity of 
spines in this position in millipedes which do not rock-climb (text-figs. 3c and f and 
4d), is probably significant. 

The leg structure of the Lysiopetaloidea and the many short trunk rings must 
provide great power per unit of transverse sectional area of the body, and suggests 
that these animals are expert rock climbers and negotiators of crevices, and that 
they are powerful burrowers, probably in stony places, besides being fast runners. 
Legs with a particularly strong distal grip, with the ability to work in a ‘furled’ 
position close to the sides of the body, which possess mobile tips which can grip 
outwards and backwards, and an array of powerful spines all along the leg, 
must equip the Lysiopetaloidea more suitably for such a habit than any other 
millipedes, where the legs grip mainly in a downward direction. The very stout 
ridges on the metazonite of Lysiopetalum (text-fig. 8a) and the less pronounced 
ones on Callipus may also provide a grip when needed, besides strength to resist 
rough surfaces. Burrowing could also be pursued by the same technique. The 
short rings bring the legs close together, their spines spanning the gaps between them; 
one leg gives cover for the next, and none need project far from the body. A ventral 
air space can no longer be maintained in this stance, but the very deep coxae, 
continually shifting forwards and backwards, must maintain free access of air to 
the spiracles during burrowing. The crossed longus muscles to the coxae suggest 
that pushing by the dorsal surface is still practised, and the larger collum and more 
numerous rings giving added power suggest a marked ability to push forwards. 

Thus a habit initially resembling those of the Polydesmoidea and Chordeumoidea 
may have been succeeded by particular development of fleetness for catching live 
vrey, a strong grip for walking on rock surfaces, and the ability of pushing by the 
legs in a ‘ furled’ position when needed in stony places, rather than by using the 
outstretched tip as in the Juliformia. The shortness of the rings and an increase 
in their number appear to be convergent similarities to the Juliformia, and may 
have been acquired in association with similar functional needs, and cannot be 
regarded as primitive nematophoran features. 


Conclusions. 


Thus functional considerations suggest that a moderate number of rings may 
have characterized an archi-diplopod, its diplo-segments having increased the 
pushing ability ; that differentiation of habit, either for a continuance of pushing by the 
head end or for pushing by the dorsal surface, is correlated with segment numbers, the 
larger numbers having been acquired in a parallel manner by the Juliformia, Lysio- 
petaloidea and Colobognatha in association with the former habit, moderate numbers 
having been either maintained or obtained by reduction in the Chordeumoidea and 
Polydesmoidea and a secondary reduction to smaller numbers occurring in the Onisco- 
morpha. The implication that the Lysiopetaloidea first pursued a habit in common 
with the Chordeumoidea and later changed to one partly resembling that of the 
Juliformia is not unreasonable. The geophilomorph centipedes must have first 
evolved much as did the Scolopendropmorpha, both groups perfecting their gaits and 
morphology in association with increase of speed and running round obstacles, and 
only later must the geophilomorpha have abandoned the pursuit of speed in favour of 


Be entirely different habit, that of burrowing by using the body muscles and not the 
egs. . 
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Brélemann (1931 and 1935) has favoured a different grouping of the larger 
divisions of the Diplopoda to that used by Attems and adopted here, and links the 
Spirostreptomorpha with the Polydesmoidea, considering the Polydesmoidea to be 
abbreviated derivatives of the Spirostreptomorpha. The present work does not 
support this view. The fundamental differences in habits of the two groups are 
correlated with very different structure, differences in the form of the ring, skeleton, 
muscles and limbs, and these appear far to outweigh the claimed similarities. The 
Spirostreptomorpha comprise many of the largest and most successful of the 
Juliformia, possessing the most numerous, short, deep rings, which are here considered 
to be the highest specialization, and there are no known examples of juliform 
millipedes which appear to have taken to a mode of life so different that their 
evolutionary changes have been reversed. 

Power for pushing or for fast running is dependent upon advancements 
in leg structure, but within a group it has been shown how the design of the body 
for speed and power is a compromise (Juliformia, p. 342). Similar examples can be 
found in vertebrates and other animals. Speed has been attempted several times 
by millipedes, litter living species are fleeter than burrowers. Some of the larger 
Juliformia move about rapidly by longish legs, such as Plusioporus, but speed is 
more marked in the Nematophora, and has doubtless made possible the carnivorous 
habits of the Lysiopetaloidea. In both the Nematophora and Polydesmoidea the 
legs are relatively longer than those of the scolopendromorph and lithobiomorph 
centipedes (Table I, column 4), the short wide rings and limb origin of the millipedes 
masking the considerable length of their legs. 

The Polydesmoidea are conspicuously powerful and fairly fleet, but one member 
may have acquired speed in a most spectacular manner. Pandirodesmus disparipes 
(Silvestri, 1932) from Guiana has elongated its legs to a degree approaching that of 
the scutigeromorph centipedes, the (leg length//ring volume) is 3-7, while the corre- 
sponding figure for Scutigera (leg length/ */volume of 2 segments) is 5-6 (see entries 
- on. Table I, column 4). The difficulties attendant upon elongation of the legs of a 

many-legged animal when the fields of movement of successive legs overlap greatly 
have been noted in Part 2, p. 99. A unique solution of the problem is shown by 
Pandirodesmus in which alternate legs are long and short, the longer pair arising 
from the body slightly above the shorter pair, and presumably the shorter legs step 
under the arch formed by the longer ones. The tarsus is also provided with long 
gripping spines, a feature also found in the longest legged centipedes (Part 3). It 
is probably significant that such a long legged millipede occurs in the Polydesmoidea, 
a group already possessing fairly long legs and in which the ring supplies a rigid base 
for their operation. No order possessing free sternites would be expected to be 
able to carry so long a leg. However, the rarity of the Pandirodesmus condition 
does not suggest that the double row of legs has been a very great success. The 
habits of Pandirodesmus have not been recorded, but the absence of eyes as in other 
-Polydesmoidea, suggests a continuance of a vegetarian diet. Hes oa 

Reference has been made above to a limited number of millipedes, and it is 
clear that within each group there are considerable differences in detailed habits of 
life. Nevertheless the animals which have been examined represent the major 
“divisions of the Diplopoda, and indicate what are believed to be the salient features 
of the locomotory mechanisms and associated morphology. The Diplopoda as a 
whole show great specialization, centring on the production of power from ‘ bottom 
gear ’ gaits needing very many legs, and these advances are very different from those 
of the Chilopoda. Some locomotory features of the Geophilomorpha among Ne 
-centipedes are more nearly primitive than those of any diplopod group (see Part 5) 
and the slower Geophilomorpha do not run faster than do juliform millipedes ot 
comparable size. Stigmatogaster runs more slowly than juliform millipedes with 
a diplo-segment volume equal to that of two segments (see Table I and p. 337) 
and Geophilus longicornis, one of the fleeter Geophilomorpha reaches a speed of 
11 mm. p.sec., which is rather faster than those of corresponding Juliformia (see also 
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Part 3, Tables 1 and 2). Gaits which are less specialized than those of the Diplopoda 
and the faster running Chilopoda still persist at the present day, notably in the) 
Symphyla, and will be considered in Part 5. ’ 

Many lines of investigation have shown the inappropriateness of the terms | 
‘lower’ and ‘ higher’ as applied to functions of animals of very different structure 
and phylogeny. . For example, the circular muscles of the actinian column occupy | 
but a fraction of the thickness that would be required of frog sartorius muscle fibres 
producing the same tension (Batham & Pantin, 1950). The superiority of the 
pushing powers of the Diplopoda over those of terrestrial vertebrates of similar size | 
is equally striking (Tables I and II). The lizard and mouse weigh no more than the 
larger Juliformia and can put out but a quarter of the juliform pushing force. 
Comparisons with the more powerful Nematophora and Polydesmoidea are even 
more unfavourable to the vertebrates. Data are not available for a direct com- 
parison of the maximum speeds of a vertebrate such as a lizard and a centipede of 
equal weight, but it appears probable that the centipede would be much faster, 
although a British lizard is faster than the smaller Scutigera. Animals, however 
highly specialized in particular directions, are limited by the properties of their 
living and non-living component parts. Millipedes can only .be efficient over a 
certain range of size, and this range is quite different from that of the vertebrates. 
The middle part of the curve on text-fig. 6 shows the range over which juliform milli- 
pedes are efficient, and as they become larger so their pushing ability falls off. The 
vertebrates, on the other hand, although less efficient at pushing when their size 
equals those of millipedes, can become very much larger. Functional relationships 
set a lower limit to the size of vertebrates, but at a size greatly exceeding that of the 
lower limit for millipedes. 


SUMMARY. 


1. An account is given of the locomotory mechanisms and associated structure 
of a series of millipedes representing the major subdivisions of the Diplopoda, a 
summary of the data being given in Tables I and II. ; 


2. The Diplopoda in contrast to the Onychophora and other Myriapoda possess 
a marked ability to push by the motive force of their legs. By this means they 
achieve either head-on burrowing into leaf mould or pushing by the dorsal surface or a 
‘ flat back ’ into woodland litter which splits open along one plane, or other specialized 
ways of life. 


3. The habit of curling the body into a protective spiral has been a second habit 
of major importance in the evolution of the group. 


4. Power for pushing is achieved by the use of ‘ bottom gear’ gaits in which 
the backstroke is of very much longer relative duration than the forward stroke, 
up to (IL—:9-+). These gaits require the presence of very many legs to each meta- 
chronal wave, and this has been achieved by the evolution of diplo-segments and 
many of them. Such gaits are not shown by animals running freely on the surface. 


5. Moderate fleetness has been evolved several times, probably in the later 
stages of diplopod evolution, and gaits with relatively short durations of the back- 
stroke are used, up to (6-7 : 3-3), together with legs which are longer than those of 
all centipedes other than the Scutigeromorpha, but fast gaits usually appear to be 
of lesser significance to Diplopoda than the slow powerful gaits. Marked rock- 
climbing ability occurs in the Colobognatha and Lysiopetaloidea. 


6. The skeleto-muscular systems of the trunk region of the several orders are 
shown to be correlated in great detail with locomotory habits and the several methods 
of burrowing, and with size. These features comprise the more conspicuous char- 
acters of the millipedes, excluding the head, feeding and sensory organs, gonopods and — 
viscera, and are listed on p. 352 (see also p. 329). ; 
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» "7, Specializations exist for strengthening the skeleton ; for resisting telescoping 
at the inter-ring joints; for maintaining mobility, and also rigidity between the 
hard parts; and for the provision of various types of legs and limb musculature. 
There are several ways of achieving an acute spiral position, and suitable surfaces 
-for the application of the pushing force. Some of these features appear to be primi- 


tive diplopod features, others have been independently acquired by various means 
in the several groups. 


8. The Diplopoda appear to have arisen from Archi-arthropoda, diverging 
perhaps just after the soft bodied stage, in which a habit of pushing into the sub- 
_ Stratum was adopted, in contrast to a habit of running round obstacles as envisaged 

for the ancestors of the Chilopoda (Part 3). The characteristic. pushing ability of 

“millipedes could’ not have been achieved without the evolution of diplo-segments, 
which allows numerous legs to be carried without the animal becoming proportion- 
ately long and thin. Functional reasons are given for the occurrence of a few rings 
-bearing but one pair of legs behind the head. 


9. Functional reasons are suggested to account for the evolution of the more 
conspicuous characters of the several orders, including the respective numbers of 
trunk segments and differing lengths of legs. 


10. The effects of size on structure and on pushing power of millipedes are 
demonstrated. Structural advances which compensate for a falling off of pushing 
power in larger millipedes are present. 


11. The Diplopoda have the potentiality for efficient burrowing only within 
certain size limits. The diplopod size range is very different from that of 
vertebrates, but millipedes of the same size as vertebrates can push much more 
powerfully. 
6.78 APPENDIX p. 368. 
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DESCRIPTION OF PLATES. 


On the plates a black or a white dot near a leg indicates that its tip is on the ground in the 
propulsive phase. The black or white lines show the positions of each group of legs performing 
the recovery stroke. The numbers opposite the dots and opposite the lines give the numbers of 
consecutive legs in the propulsive and recovery strokes respectively in each metachronal wave. 

In the legends the figures within the brackets, such as (5:0: 5-0), give the relative durations 
of the forward and backward strokes of the gaits shown, and “ p.d.”’ signifies the phase difference 
between successive legs. 


PLATE 52. 


Fic..9. Schizophyllum sabulosum, 32mm., fast free running by gait (5-7: 4-3), p.d. 0-06 
(15-16 legs per wave). ; 

Fie. 10. Cylindroiulus londinensis var. caeruleocinctus, 38mm., free runni b H 
(5-2 ; 4-8), p.d, 0-06 (15-16 legs per wave), ‘aa Se Cas ae 
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Fie, 11. Ophistreptus guineensis, 175 mm., fast free running by gait (5-8: 4:2), p.d. 0-08 
(12-15 legs per wave). ‘ 

Figs12. O. alealieha of 30 gm. weight saddled with 70 gm., gait (4:3 : 5-7), p.d. 0:05 (20-22 legs 
per wave). 

Fie. 13. OQ. guineensis of 30 gm. weight saddled with 104gm., gait (3-7: 6-3), p.d. 0-04 
(22-24 legs per wave), two legs lacking on 9th pedigerous ring from the posterior end. 

Fic. 14. O. guineensis of 30 gm. weight saddled with 115 gm., gait (2-9: 7-1), p.d. 0-04 (24 legs 
per wave). 

Hig. 15. O. guineensis, 170 mm., running by fastest gait (6-7: 3-3), p.d. 0:07 (14-16 legs per 
wave), mid-ventral line and legs of other side visible in the reflection. 

Fie. 16. O. guineensis, 175 mm., pushing, resistance removed, gait (4:2 : 5-8), p.d. 0-06 (18 legs 
per wave). 


PLATE 53. 


Fic. 17. Ventral view of Glomeris marginata, 11 mm., freely walking by gait (3-0: 7-0), p.d. 0-15 
(6-7 legs per wave). 

Fie. 18. Oblique lateral view of Polymicrodon polydesmoides, 17 mm., running freely by gait 
(6-0 : 4:0), p.d. 0-08 (12-14 legs per wave). 

Fie. 19. Lateral view of Polymicrodon polydesmoides, 18 mm., harnessed to sledge, gait 
(2-7: 7-3), p.d. 0:03 (34 legs per wave). 

Fie. 20. Lateral view of Craspedosoma rawlinsi, 18 mm., running freely by gait (5:3: 4:7), 
p.d. 0-09 (8-13 legs per wave). 

Fie. 21. Lateral view of Craspedosoma rawlinsi, 18 mm., harnessed to sledge, gait (2:3: 7-7), 
p.d. 0-04 (26 legs per wave). 

Fie. 22. Lateral view of Polydesmus angustus, 20 mm., male, running freely, gait (6-6: 3-4), 
p.d. 0-1 (9-10 legs per wave). Left legs 1 and 2 visible posterior to right leg 1. 

Fie. 23. Dorsal view of Ophistreptus guineensis, 170 mm. 

Fic. 24. Dorsal view of Plustoporus sulcatus, 195 mm. 

Fie. 25. Plusioporus sulcatus, 195 mm., running freely by gait (6-1 : 3-9), p.d. 0-06 (16-18 legs 
per wave), reflection shows mid-ventral line and legs of the other side. 

Fic. 26. Graphidostreptus judaicus, 135mm., running freely by gait (5:2:4:8), p.d. 0:07 
(14-16 legs per wave). 

Fic. 27. Blaniulus guttulatus, 15 mm., immature specimen lacking 12 rings, running freely by 
gait (5-0: 5-0), p.d. 0-12 (8-9 legs per wave). 
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Fie. 28. Ventral view of Polymicrodon polydesmoides, 17 mm., running freely, gait (6-0: 4:0), 
p.d. 0:07 (15-16 legs per wave). 

Fic. 29. Glomeris marginata, 14 mm., walking freely by gait (5-7: 4:3), p.d. 0-15 (6-7 legs per 
wave). All legs are visible, leg 1 is off the ground and behind leg 2, legs 6-8, 13 and 14 are 
off the ground, and legs 2-5, 9-12 and 15-17 are propulsive. 

Fic. 30. G. marginata harnessed to sledge, gait (1-0: 9-0), p.d. 0-1 (8-10 legs per wave). All 
legs visible, leg 8 off the ground, legs 1-7 and 9-17 are propulsive. 

Fie. 31. G. marginata harnessed to sledge, gait (1— : 9+), all legs are in the propulsive phase, 
and probably form three waves, legs 1-6, 7—9 and 10-17, as indicated by the brackets ; 
legs 6 and 7, and 9 and 10, situated at the beginning and end of the waves, cross over because 
no leg in the recovery phase intervenes. The other visible legs belong to the other side of the 
body. The hump is not due to the harness. 

~ Fic. 32. G. marginata rolled up, anterior end to the right, posterior tergites overlap the anterior 
(left) edge of fused 2nd and 3rd tergites (shield). 

Fic. 33. G. marginata in the pushing position (resistance removed), leg 1 off the ground, 
succeeding legs propulsive, leg 17 not visible. 

Fic. 34. Sphaerotherium dorsale, 35 mm., dead specimen rolled up, anterior end to the right, 
posterior tergites overlapping anterior (left) edge of 2nd tergite. 

Fic. 35. Glomeridesmus mexicanus, 46 mm., dead specimen rolled up, anterior end to the right, 
posterior tergites overlapping the anterior (left) edge of 4th tergite. 

Fie. 36. Anterior end of Polyzonium germanicum, 11 mm., running freely, gait (6-4: 3-6) 
showing the head. 

Fic. 37. Polyzonium germanicum, 11 mm., in dorsal view. 


PLATE 55. 


Fic. 38. Polydesmus angustus, 20 mm., male, running freely by gait (5-5: 4:5), p.d. 0-12 (9 legs 
per wave). 

Fig. 39. Polydesmus angustus, 20mm., female, running freely by gait (5:9: 4-1), p.d. G-J1 
(8-9 legs per wave). 

Fic. 40. Polydesmus angustus, 20 mm., female, harnessed to sledge, gait (2:2 : 7:8), p.d. 0:04 
(18 legs per wave). Right legs 8-11, 26 and 27 off the ground. 
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Fie. 41. Polydesmus angustus, 20mm., male, harnessed to sledge, gait (1-6: 8-4), p.d. 0-08 
(12 legs per wave). Left legs 8, 19 and 20 off the ground. H 

Fic. 42. Polydesmus angustus, 18 mm., female, closest spiral position. 

Fie. 43. Polydesmus angustus, second larva, 2:1 mm., gait (5:0: 5-0), p.d. 0-25 (4 legs per wave). 

Fie. 44. Ophistreptus guineensis, 175 mm., spiral position. : ; 

Fia. 45. Ventral view of the middle part of Craspedosoma rawlinsi, 18 mm., gait (4:5 : 5-5), 
p.d. 0-8 (12 legs per wave). 

Fic. 46. Polydesmus angustus, first larva, 1-16 mm., gait (3-5 : 6-5), p.d. 0-4. 

Fie. 47. Polyzonium germanicum, 11 mm., spiral position. 

Fic. 48. Polyzoniwm germanicum, 11 mm., running freely, gait (6-4: 3-6), p.d. 0-1 (9-10 legs 
per wave). 

Fie. 49. Polyzoniwm germanicum, 11 mm., harnessed to sledge, gait (2-6: 7-4), p.d. 0:08 (10-15 
legs per wave). 
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Since this paper was written, H-E. Gruner’s work (1953, Der Rollmechanismus 
bei kugelnden Land-Isopoden und Diplopoden, Mitt. Zool. Mus. Berlin, 29, 148-179) 
has been published. He shows how the rolling up in Isopoda is effected by a body 
which is half cylindrical in section ; the sternite joints are practically hinges, and 
the dorsal overlap of the tergites is as great as in the Oniscomorpha, so allowing a 
large amount of dorsal expansion.. Gruner’s text-fig. 4a shows diagramatically 
how tergites overlapping from before backwards and sternites overlapping from 
behind forwards must fix the transverse axis of the nodding movement low down, at 
the junction of tergites and flat sternites. Gruner contrasts this unusual jointing 
with that found in the Diplopoda shown in his fig. 4 a. 

In the Oniscomorpha, however, the sternites also overlap one another from 
behind forwards (see text-figs 4 ¢ and d shown here and p. 317) and, if the tightest 
coil is to be achieved, the axis of movement between successive rings also needs to 
be maintained at the level of the ventral surface of the half-cylindrical body (see 
text-figs. 1 a and 4d and e shown above). Gruner’s fig. 4 a supplies the functional 
explanation for the forward overlap of the sternites of the Oniscomorpha also. 

A forward overlapping of sternites in the Oniscomorpha probably evolved from 
a primitive condition, as is seen today in Polyzonium, where there is no overlap of 
successive sternites in either direction on dorso-ventral bending (p. 357), and arose 
in association with a perfection of rolling up by a reduction of the body to a half 
cylinder and a utilization of the mobility of the ventral exo-skeleton ( pp. 315 and 338). 
The opposite overlap of sternites from before backwards in the J uliformia, Polydes- 
moidea and Nematophora is necessitated by the cylindrical form of their bodies 
(text-fig. 1 a) and the direction of overlap of their tergites. 
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JOURNEY TO THE GUGHE HIGHLANDS (SOUTHERN ETHIOPIA), 1948-1949: 
COLEOPTERA, CURCULIONIDAE, FROM THE HIGH MOUNTAINS. 
By Str Guy A. K. Marsuatt, F.R.S. (Communicated by Hucu Scort, Sc.D., 
F.R.S., F.L.8.) 


(With 5 text-figures.) 
[Read 21 January 1954.] 


Dr. Hugh Scott has kindly submitted to me for examination the weevils that he 
collected in 1948 mostly in the Gughé Highlands, Gamo Province, in Abyssinia, at 
altitudes of 9,500 to 12,000 feet. 

The collection from this entomologically unexplored area is of considerable 
interest, although a small one owing to adverse climatic conditions. It comprises 
some 41 species (excluding the Apioninae), of which only three are at present known to 
occur beyond the limits of Abyssinia, namely : Calandra oryzae L., the cosmopolitan 
grain weevil; Hypera variabilis Herbst, a holarctic species ; and Tetragonothorax 
curvipes Faust, which occurs also in Kenya and Tanganyika. 

It is of interest to note that on his earlier expedition to Abyssinia (1926-27) with 
Mr. J. Omer-Cooper, Dr. Scott obtained at comparable altitudes, on Mts. Chillalo 
and Zuquala and in the Jem-Jem Forest, some 55 species of Curculionidae (excluding 
the Apioninae); but of these only five (apart from the cosmopolitan Calandra) 
occur in the present collection, namely, Ceratocrates regularis Hust., Antispyris 
scotti Hust. (erroneously described as an Amphitmetus), Ceuthorrhynchus schimpere 
Hust., Stenoscelis scutellatus Hust., and a new species of Systates described below ; 
all these being indigenous. 

From this material 15 new species have been described, but at Dr. Scott’s request 
a description has also been included of a very interesting blind Cossonine discovered 
by Marchese Patrizi at Addis Ababa under a deeply embedded boulder. 

There remain some 18 species that have not been dealt with, because they are 
nearly all represented by single specimens and belong mostly to critical genera. 
Among these is a single example of a Sitona, a holarctic genus not previously recorded 
from the Ethiopian Region ; but this may prove to be an introduced North African 
species. 

z The genera Auletobius, Pentarthrophasis, and Pseudomesites, have not previously 
been recorded from Abyssinia. 


Subfam. OTIORRHY NCHINAE. 


Neomias irregularis, sp.n. (Fig. 1.) 

32. Derm shiny piceous, the head and prothorax rather more blackish, without 
any scales above or below. 

Head with a few strong sparse punctures ; frons transversely convex, narrower 
~ than the base of the rostrum, with a very variable median fovea ; eyes moderately 
convex. Rostrum stout, transverse, parallel-sided or narrowing slightly from base 
to apex; dorsum with a few sparse punctures, the median area not very sharply 
defined, narrowing from the antennae to the base, with a variable shallow median 
impression. Antennae red, slender, the scape abruptly clavate apically ; funicle 
with joint 1 longer than 2, 5-7 about as long as broad. Prothorax transverse (3: 4), 
almost parallel-sided in dg, a little more rounded laterally in 2, widest at the middle, 
the apex not narrower than the base ; dorsum very finely aciculate, with irregular 
sparse punctures. Elytra very broadly ovate, almost similar in the two sexes, 
widest at the middle; dorsal outline convex longitudinally (rather more so in 9) 
and vertical at the apex; the shallow striae with very irregular deep punctures, 
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which scarcely diminish behind, but those in striae 9 and 10 regular, denser a 
vanishing towards the apex; the intervals broad, shiny and impunctate, et a 
sparse row of very fine short suberect setae, 5 and 6 with a row of small low obtuse 
tubercles, which sometimes become obsolescent in the 3 but are more distinct in 
the 2, in which they may occasionally appear also on intervals 4 and 3. Legs more 
slender than in the other species. 

Length 3-0-4:5 mm., breadth 1-7—2:8 mm. 


Fie. 1.—Neomzas trregularis, sp. n., 3. 


ABYSSINIA : Gamo Prov., Dita, Gughé Highlands, c. 10,000 ft., 8 g, 7 9, from 
hanging dead leaves of Kniphofia, 4. xii. 1948; Bonghé Valley, Gughé H., 9,500- 
10,000 feet, 1 3, 2 2, sifted from humus under bamboos near waterfall, 8. xii. 48 ; 
Mt. Tola, Gughé H., c. 10,600 ft., 3 3, 2 9, 10-14. xii. 48, 3 g, at roots of tufts and 
ferns, 18. xii. 48, 3 9, under mown thistles and coarse herbage, 16-17. xii. 48 ; top of 
Mt. Tola, 11,000-12,000 feet, 14 3, 109, from peat soil beneath Erica bushes, 
15. xii. 1948 (type). 

Readily distinguished from all the previously described species in the genus by 
the irregular striae and the tubercles on the elytra, and also by the undilated genae 
on the rostrum. 


Merullodes scotti, sp.n. (Fig. 2.) 


3. Derm dull black, with markings formed of yellowish or whitish scales ; 
head with a small pale spot just in front of the eye and another just behind the eye, 
both along its inner margin ; pronotum with a narrow macular pale stripe on each 
side, and a continuous pale stripe above the procoxae ; elytra with a broad lateral 
stripe from base to apex and extending from stria 6 nearly to the lateral margin, 
and in the 2 only a macular stripe on interval 3 from the base to the top of the 
declivity ; underside with a narrow sublateral pale stripe on the meso- and metasterna. 

Head separated from the rostrum by a well-marked angulate sulcus, smooth, with 
some sparse shallow punctures, the frons flattened. Rostrwm as long as its apical 
width, slightly narrowed from the base to the antennae and broadly dilated at the 
genae ; the dorsal area nearly flat, quite smooth, with a few Sparse punctures, its 
margins not angulate but rounded off; the apical area not impressed. Antennae 
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black, with the two basal joints of the funicle equal, the distal joints not clavate but 
gradually widening from base to apex ; club longer and narrower than usual being 
hardly wider than the funicle. Prothorax somewhat transverse (9 : 10) broadest 
slightly behind the middle, moderately rounded laterally, the apex narrower than the 
truncate base ; dorsum with small separated punctures, which become confluent 
in a subtriangular depression in the middle of the base, and with a faint transverse 
impression at one-fourth from the apex. lytra ovate, broader in 2, widest at two- 
sevenths from the base, which is jointly subtruncate and not at all constricted 
laterally, the usual apical calli entirely lacking, but the apex of the suture rather 
deeply depressed in 2 only, and the apex is not produced downwards; the striae 
with subquadrate punctures, the septa between them mostly taking the form of 
flattened granules ; the intervals a little wider than the punctures, with a row of close 
flattened granules which are distinct in 2 and often partly obsolescent in 3, the 


} 


Fic. 2.— Merullodes scotti, sp. n., 9. 


granules on the lateral intervals showing through the scaling as very small black spots. 
Legs red, with the tarsi black, without scales, but with sparse recumbent yellowish 
setae ; the denticles on the hind tibiae very small. Venter of 2 without any tubercle 
on ventrite 5. 

Length 10-:0-10-5 mm., breadth 4:5-5:-5 mm. 

Apysstnta: Gamo Prov., Gughé Highlands, Mt. Tola, 10,600 ft., 1 go (type), 

10-14. xii. 1948; top of Mt. Tola, 11,000-12,000 feet, 1 9, 15. xii. 48. 

The three previously described species all differ inter alia in having an obtuse 
tubercle at the apex of each elytron, and ventrite 5 in the female bears a small apical 
elevation. 


Anaplesius tolanus, sp. n. 


32. Derm black or piceous, with dense brown scaling throughout, the elytra 
with a very indefinite small paler spot at the base of interval 3. 
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Head separated from the rostrum by an arcuate sulcus, the frons with a short 
median stria; eyes rather strongly convex. Rostrum as long as broad or a little 
longer, parallel-sided (2) or slightly widened at the genae (3) ; dorsal area flat or 
very shallowly impressed, without any median carina, the bare interantennal area 
depressed. Antennae comparatively slender, red-brown ; scape gradually clavate 
at the apex, squamose, with fine short suberect setae ; funicle with joints 1 and 2 
equal, 3 and 4 as long as broad, 5-7 moniliform. Prothorax transverse (3 : 4), feebly 
rounded laterally, widest at a little behind the middle, not constricted at the apex 
which is only slightly narrower than the base ; dorsum with a very faint irregular 
median sulcus, often obsolescent or interrupted, and on each side of it two rounded 
depressions, one before and the other behind the middle, the sculpture otherwise 
concealed by dense scaling, except that very minute shiny granules may be seen here 
and there ; setae very short and recumbent. lytra ovate, broader in 9, subtruncate 
(Q) or very shallow sinuate (3) at the base, without any bare callus at the base of the 
suture; the impressed striae with small separated punctures showing through the 
scaling ; the intervals broad, 3 and 5 subcostate and higher than the others especially 
in 9, the costa on 3 being sometimes almost obsolete in 3, interval 1 also broadly 
raised on the declivity and 5 with a distinct callus at the top of the declivity ; the 
short suberect truncate whitish setae more numerous behind the middle, especially 
on intervals 1, 3, 5. 

Length 4-0-4-5 mm., breadth 1-9-2-1 mm. 

AByssinia : Gamo Prov., Gughé Highlands, top of Mt. Tola, 15 ¢, 6 9, from peat 
soil beneath Hrica bushes, 15. xii. 1948. 

In Hustache’s Key to the genus (1936, Ann. Mag. nat. Hist. (10), 18, 363) this 
species runs down to A. kenyae Hust., which is known to me from the description 
only, and differs from the present species in having the rostrum strongly transverse 
and separated from the head by a transverse sulcus; the pronotum has only one 
impression on each side instead of two ; and the elytra have the intervals all of the 
same height. 


Anaplesius spatulifer, sp. n. 


39. Derm varying from red-brown to piceous, with small round subcontiguous 
scales, which are mostly grey, but sometimes variegated with darker areas, and 
the pronotum usually with a pale median stripe ; with very long, erect and strongly 
spatulate setae, which vary a good deal in length, width and colour. 

Head separated from the rostrum by an arcuate sulcus, the frons with a short 
median stria that is usually concealed by scales ; eyes only slightly convex. Rostrum 
as long as broad or somewhat longer, parallel-sided ; the dorsal area gently convex 
in lateral view and thus rather higher than the level of the frons, not impressed and 
without a median carina, the declivous interantennal area squamose and not depressed. 
Antennae red ; scape rather slender, gradually clavate apically, almost devoid of 
scales but with rather long capitate setae ; funicle stout, with joints 1 and 2 equal, 
3-7 moniliform, transverse and closely packed, slightly widening distally. Prothorax 
somewhat transverse (7:8), strongly rounded laterally (especially in 3), widest 
beyond the middle, with a collar-like apical constriction (much more abrupt in), 
the apex much narrower than the base; dorsum gently convex longitudinally, 
highest behind the middle, the transversely rugulose punctures almost entirely 
concealed by scales, without any median sulcus or lateral impressions, but with 
sparse short erect capitate setae. Hlytra ovate, somewhat wider in 2, widest at a 
little before the middle, subtruncate at the base, rather more pointed at the apex 
in 9, without any bare scutellar callus; the striae broader and deeper than usual, 
with strong close punctures that are visible through the scaling ; the intervals not 
or only slightly wider than the striae, somewhat convex. without subhumeral or 
subapical calli, but with a row of long erect clavate setae. Legs with the front 
tibiae of 3! only strongly incurved at the apex. 

Length 2-8-3-:0 mm., breadth 1-2-1:3 mm. 
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ABYSSINIA: Gamo Prov., Gughé Highlands, top of Mt. Tola, 11,000-12,000 
feet, 63, 49, from peat soil beneath Hrica bushes, 15. xii. 1948 (type); Gughé 
Highlands, south of Bonghé, c. 9,500-10,000 feet, 1 3, from humus under old kosso 
tree (Hagenia) in small patch of forest, 31. xii. 1948. 

This species may be readily distinguished from its known congeners by the long, 
erect, strongly capitate or spatulate setae all over its body. It is true that A. 
hystricosus Hust. has broad erect setae on the elytra only, but they are not capitate 
and resemble elongate scales, being mostly grouped together in tufts ; moreover it 
is a larger species with the antennal scapes much stouter and densely squamose ; 
the pronotum is much less rounded laterally, not constricted at the apex, and bears 
four dorsalimpressions. It must be noted that in the typical material of A. hystricosus 
joint 2 of the funicle is not longer than 1, as stated in Hustache’s Key, these joints 
being of equal length. 


Anaplesius carinicollis, sp. n. 


$2. Derm red-brown, with widely separated minute grey scales; elytra with 
regular rows of short stiff erect (or suberect) truncate setae, which usually become 
much broader apically on the declivity. 

The description of A. spatulifer applies to this species except in the following 
particulars :—Rostrum much more convex dorsally. Antennae with the club more 
globular. Prothorax much less strongly rounded laterally and consequently less 
transverse ; dorsum with large shallow punctures that are more or less confluent 
and not obscured by scaling, with a distinct abbreviated median carina, the setae 
short and erect. Hlytra with the striae and punctures much shallower, the intervals 
flatter and more rugulose; the setae much shorter and not capitate, the scaling 
obsolescent. Legs with front tibiae of 3 less incurved at the apex. 

Length 2-1-2-:7 mm., breadth 1-0-1-:1 mm. 

Asysstnia: Gamo Prov., top of Mt. Tola, 11,000-12,000 feet, 1 3, 4.9, at roots 
of grass-tufts and ferns, 18. xii. 1948 (type); Gamo Prov., top of Mt. Gughé, c. 
12,000 ft., 1 d, at roots of Hrica bushes, 21. xii. 1948. 

‘There are single examples of some nine other species of this genus, probably 
all undescribed. 


Cissodicasticus graniger, sp. n. (Fig. 3.) 

2. Derm dull black, with very small contiguous grey scales except on the tops 
of the granules. 

Head with the frons shallowly depressed in the middle, with a short deep median 
sulcus, the lateral areas rugose and with rather long stiff subrecumbent setae pro- 
jecting laterally over the eyes, which are almost semicircular. Rostrwm about as 
long as broad, parallel-sided in the basal half, then widening to the genae ; the dorsal 
area rather shallowly depressed in the basal half, with a few small granules and a 
narrow low median carina, the anterior half more concave and not carinate but 
rugosely punctate ; the dorso-lateral margins rugosely costate and shallowly sinuate 
in the middle. Antennae black, stout, rugulose and squamose throughout ; scape 
“widening only slightly from near the base to the apex, the long stiff dark setae 
suberect ; funicle slightly narrowing distally, joint 1 longer than 2, 3 slightly longer 
than 4, 4-7 about as long as broad. Prothorax transverse (4 : 5), gently rounded 
laterally, widest rather behind the middle, not constricted at the apex, which is four- 
fifths the width of the base; dorsum with a few irregular small flattened granules 
in the middle of the disk, a large shallow transverse depression in the middle of the 
base and two variable depressions on each side, one before and the other behind the 
middle ; the scales sparse in the middle of the disk, the setae very short and appressed. 
Elytra broadly ovate, very narrowly and shallowly constricted at the base; the 
truncate basal margin carinate, at least in the middle ; dorsum moderately convex 
longitudinally, highest at the middle, the posterior declivity vertical at the apex ; 
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dorsum with the general surface uneven, the broad shallow striae containing lt 
shallow punctures that are separated by bare granules, which vary quite erratically 
in size, some being very large (sufficient to fill a large puncture) and others varying 
down to very small points, the punctures all filled with scaling and sometimes almost 
obscured by it; the intervals much narrower than the striae, [essandsp somewhat 
higher than the others, which are sometimes nearly obliterated ; the setae forming 
irregular rows on the intervals, those on the disk short and subrecumbent, those on 
the declivity much longer and erect. Legs piceous, with fairly dense grey scales, 
mostly with a coppery reflection. 
Length 10-11 mm., breadth 5-0-5:2 mm. 


Fig. 3.—Cissodicasticus graniger, sp. n., 9. 


ABYSSINIA: Gamo Prov., Wubara (between Chencha and Dital), c. 8,500 ft., 
2 9, 3. xii. 1948. 

The only other known species, C. morulus Hust. (1936, Ann. Mag. nat. Hist. 
(10), 18, 360, f.2), also from Abyssinia, differs in being entirely devoid of scales (the 
crude figure is very misleading) ; the frons has a very broad and deep depression, 
the pronotum is broader and almost quadrate, the elytra have much shorter setae, 
the punctures are very irregular in parts, etc. 


Systates esquameus, sp. n. 


°. Derm piceous black, rather shiny, without scales, but sparsely and unevenly 
clothed with very short recumbent setae that tend to collect into small groups on 
the elytra, which bear also short erect setae. 

Head finely aciculate, with scattered shallow punctures and sparse recumbent 
setae; frons flat, with a short deep median sulcus, the eyes strongly convex. 
Rostrum as long ag its basal width, almost parallel-sided in the basal half and only 
slightly widened at the genae ; the dorsal area parallel-sided, flat, with obsolescent 
punctures, subcarinate laterally, but the carinae disappearing behind the middle, 
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with a low transverse ridge between the antennae, but no trace of a median carina : 
the hind margin of the epistome forming a deeper curve than usual, almost semi- 
circular. Antennae honey-brown, the scape slender, gradually clavate; funicle 
with joint 2 three-fourths the length of 1, 3 longer than 4, 4-7 subequal. Prothorax 
transverse (5 : 6), rounded laterally, widest at about the middle, not constricted at 
the apex, which is distinctly narrower than the base ; dorsum slightly convex longi- 
tudinally, highest at the middle, with close low granules laterally, which become much 
larger and strongly flattened (or even partly obsolete) in the middle of the disk, the 
basal margin narrowly carinate. Hlytra broadly ovate, widest at one-fourth from 
the base, not produced downwards at the apex in 9, not carinate or abruptly declivous 
at the base, but sloping down to the mesonotum (somewhat as in Mesoleurus Mshl.) ; 
the dorsal outline rising rather strongly from the base to behind the middle, the 
posterior declivity very steep, becoming vertical apically ; the shallow striae with 
deep close punctures, which diminish behind, the intervals nearly flat, smooth and 
impunctate, the suture gradually rising behind the middle and becoming very 
prominent at the top of the declivity. -Legs piceous, sparsely setose, the tarsi paler ; 
hind tibiae finely denticulate on the inner face. 

Length 6-5 mm., breadth 3 mm. 

ABYSSINIA : Djem-Djem Forest, c. 8,000 ft., 1 2, x. 1926 ; Gamo Prov., Wubara, 
between Chencha and Dita, c. 8,500 ft., 1 2 (type), xii. 1948; Gamo Prov., Gughé 
Highlands, Bonghé valley, c. 9,500—10,000 feet, 1 9, xii. 1948. 

Allied to 8S. brevicollis Faust (Kenya) and S. nocivus Mshl. (Nyasaland), which 
differ, inter alia, in having a strong median carina on the rostrum, the granules on 
the disk of the pronotum are small and not flattened, the elytra are vertically declivous 
at the base and the suture is not elevated behind. 


Nematocerus brachyderes, sp. n. 


39. Derm bronze, entirely devoid of scales. 

Head with the frons flat, with sparse fine shallow punctures (sometimes a little 
stronger and subconfluent in 9) and with sparse short recumbent white setae and an 
elongate median fovea. Rostrum about as long as broad, narrowing slightly from 
the base to the middle, then widening as much to the genae; the dorsal area flat, 
parallel-sided, shagreened and obsoletely punctate, with a narrow flattened median 
carina and subrecumbent white setae, the dorso-lateral margins carinate to the 
base. Antennae red-brown, with the scape compressed (more broadly in 9), widest 
at one-third from the base and rather abruptly clavate at the apex; funicle with 
the joints long and subclavate, 7 as long as 3. Prothorax strongly transverse (2: 3), 
moderately rounded laterally, widest at about the middle, of equal width at base 
and apex; dorsum with transversely elongate flattened granules and very short 
recumbent pale setae. Elytra of 3 very narrowly ovate, widest at one-third from the 
base, the dorsum gently convex longitudinally, the posterior declivity very steep 
but not quite perpendicular, the distinctly impressed striae with small close punctures 
that diminish behind, the intervals gently convex, with fine transverse aciculation, 
the extremely minute setae difficult to see except on the declivity, where they are 
longer ; elytra of 2 much broader, widest at the middle, much more strongly convex 
dorsally, highest well behind the middle, the posterior declivity sloping inwards 
but not sinuate before the apex, the striae rather shallower. Legs bronze, with 
sparse pale setae ; hind tibiae of 3 only slightly more curved than. those of 9, the 
flattened inner edge with a row of small granules, the front tibiae of 3 with the apex 
of the dorsal edge produced into a sharp angle. 

Length 6-7 mm., breadth 2:2-3:2 mm. 

Apysstnta: Wolamo Prov., Soddu, c. 6,800 ft., 2g, 39, X-x1. 1948 (type) ; 

mo Prov., near Ezo, c. 9,600 ft., 1 3, xi. 1948. 
ee The nearest known ally of this species is apparently the East African N. striolatus 
Aur., which differs in having the antennal scape much less compressed and hardly 
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dilated ; the eyes are less convex; the prothorax is much longer in proportion to its 
width ; and the front tibiae of the male are rounded at the apex and not pointed. 


Nematocerus aratus, sp. 0. 


32. Derm bronze or bronze-black entirely devoid of scales. 

Head with the frons flat, with shallow confluent rugulose punctures and short 
recumbent setae (often abraded), the median fovea obsolescent. Rostrum as long as 
broad, narrowing from the base to the middle and only feebly widened at the genae ; | 
the dorsal area flat, parallel-sided, with confluent rugulose punctures ; the median 
carina completely flattened or partly obliterated, the dorso-lateral margins carinate 
to the base. Antennae red-brown, with the scape only slightly compressed even 
in 2 and less so in g, not dilated near the base, abruptly clavate at the apex ; funicle 
with the joints elongate but not clavate, 7 as long as 3. Prothorax transverse (4:5), 
moderately rounded laterally, widest rather behind the middle, of equal width at 
base and apex; dorsum with transversely elongate flattened granules and without 
perceptible setae. Hlytra of 3 very narrowly ovate, widest at one-third from the 
base, the dorsum gently convex longitudinally and steeply declivous behind, the 
striae deeply impressed and with close strong punctures, the intervals rather strongly 
convex, with fine transverse aciculation and only a few very short setae close to the 
apex ; elytra of 2 much broader, widest at the middle, the posterior declivity vertical 
at the apex, the striae somewhat shallower and the intervals rather less convex. 
Legs bronze, with sparse pale setae ; hind tibiae of 3 strongly curved in the distal 
two-thirds, with a close row of sharp tooth-like granules, the front tibiae of 3 rounded 
at the apex. 

Length 5-6 mm., breadth 2-0-2-5 mm. 

Apyssinta : Gamo Prov., Chencha, c. 8,900 ft., 2 3, 3 9, 22-30. xi. 1948. 

This species is even more nearly related than N. brachyderes to N. striolatus Aur., 
having a very similar pronotum and the same slender antennal scape. But in 
striolatus the eyes are distinctly less convex and the elytra are not nearly so deeply 
striate ; further the hind tibiae are less curved in both sexes, especially in the male, 
the granules on their inner face being blunt ; and in the female the posterior declivity 
of the elytra is not vertical but markedly sinuate. 


Nematocerus longinasus, sp.n. (Fig. 4.) 


32. Derm black, not very shiny, with sparse minute white setae. pial 

Head with the frons flat in Q, slightly depressed in 3, with more or less confluent 
shallow punctation and sparse short recumbent white setae, and a short median 
stria ; eyes rather strongly convex. Rostrum a little longer than broad (somewhat 
longer in 3), parallel-sided from the base to the antennae and rather abruptly widened 
at the genae ; the dorsal area flat, parallel-sided, shagreened and obsoletely punctate, 
with a low narrow median carina and short recumbent setae, the dorso-lateral 
margins carinate to the base. Antennae testaceous, very long and slender; scape 
somewhat compressed, widest near the base, a little more so in 9, abruptly clavate 
at the apex ; funicle with the joints long and subclavate, 7 shorter than 3. Pro- 
thorax as long as broad in g, very slightly broader in 9, feebly rounded laterally, 
widest at the middle, somewhat narrower at the apex than at the base ; dorsum with 
transversely elongate flattened granules and minute recumbent setae. Elytra of 
3 narrowly ovate, widest at about one-fourth from the base, the:dorsum gently 
convex longitudinally, the apical declivity being nearly vertical, the shallow striae 
with very close small punctures that hardly diminish behind, the intervals feebly 
convex, minutely aciculate, without punctures but with very short sparse subre- 
cumbent white setae, which are more numerous on interval 4 and along the lateral 
margins ; elytra of 9 much broader, widest at one-third from the base, more convex 
dorsally, highest behind the middle, the posterior declivity sloping strongly inwards 
and shallowly sinuate just above the apex, the striae shallower and the intervals 
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somewhat broader and flatter. Legs black, with sparse short white setae; hind 


tibiae of ¢ only slightly more curved than those of 9, with a row of obtuse granules, 
front tibiae of J rounded at the apex. 


Length 8 mm., breadth 2-5-3-2 mm. 
_ ABysstnia: Wolamo Prov., Suddu, c. 6,800 ft., 1 g, 19, x—xi. 1948; Wolamo 
Prov., south face of Mt. Damota, c. 9,600 ft., 1 3, 6. xi. 1948 (type) ; Gamo Prov., 


eae Highlands, between Bonghé and Aleudi, 9,000-10,000 feet, 1 9, xii. 1948— 
i. 1949, 


Fia. 4.--Nematocerus longinasus, sp. n., 9; a, head and prothorax of 3. 


Allied to N. marginalis Hust., from the Mau Escarpment, Kenya, which has a 
very similar general facies, but differs in having longer erect white setae on the 
elytra ; there is also on the propleurae a dense stripe of yellowish setiform scales 
which extends backwards along the margin of the elytra as far as the hind coxae ; 
the hind tibiae of the male are much more deeply curved and the apex of the front 
tibiae is pointed. 


Nematocerus cuprescens, sp. n. 


3. Derm uniform bronze with usually a slight coppery tinge, bare. 

Head separated from the rostrum by a transverse furrow that is obliterated in 
the middle; frons fat, with close shallow punctures and a deep median fovea ; 
eyes moderately convex. Rostrum about as long as broad, narrowing slightly from 
the base to the middle and rather strongly dilated at the genae ; dorsum flat, with 
very shallow confuent punctures and usually some sparse recumbent setae, a strong 
smooth median carina, and the parallel costate dorso-lateral margins extending 
back to the base. Antennae with the scape of 9 piceous, rather strongly and broadly 
compressed, widest near the base and abruptly clavate at the apex, the scape of 3 
a little narrower and less abruptly clavate ; funicular joints paler with their apices 
infuscated, the distal joints longer than broad and clavate. Prothorax as long as 
broad, gently rounded laterally, widest at the middle, of equal width at base and 
apex ; dorsum with transversely confluent flattened granules and without obvious 
setae. Hlytra of § narrowly ovate, widest at about one-third from the base, the 
dorsum gently convex longitudinally, the posterior declivity not quite vertical, the 
‘shallow striae with strong close punctures that diminish apically, the intervals 


378 SIR GUY A. K. MARSHALL : JOURNEY TO THE GUGHE HIGHLANDS 


nearly flat, finely aciculate transversely, without appreciable setae except at the 
extreme apex, where they are very short and appressed ; elytra of 2 much broader, 
more convex, highest at the middle, the posterior declivity somewhat incurved at 
the apex and very slightly sinuate. Legs black, with sparse white setae ; hind tibiae 
of ¢ not very strongly curved, with a row of obtuse granules internally, front tibiae 
of 3 with the apex of the dorsal edge rounded. 

Length 7-0-7-5 mm., breadth 2-8-3-5 mm. 

Apyssmnta: Gamo Prov., Chencha, c. 8,900 ft., 19, xi. 1948; Gamo Prov., 
Gughé Highlands, Mt. Tola, over 10,000 feet, 1 g, 5. xii. 1948 (type), 10 3, 7 9, 10-26. 
xii. 1948: Gamo Prov., between Wubara and Dita, c. 8,500—10,000 feet, 1 3, 
4. xii. 1948 ; between Dita and Bonghé, c. 9,000-10,500 feet, 1 3, 5. xii. 1948. 

Another near ally of N. striolatus Aur., which differs in having a shorter rostrum 
that is much less dilated at the genae, the antennal scape narrower and less com- 
pressed, and the apical declivity of the female distinctly sinuate. 


Subfam. RHYNCHITINAE. 
Auletobius gamoensis, sp. n. 

32. Derm uniformly black, with a slight brassy reflection ; clothed above with 
very short sparse dark recumbent setae, the longer denser grey setae on the sides 
of the sternum not conspicuous. 

Head transverse, very feebly constricted behind the moderately convex eyes, 
with rather strong separated punctures ; temples about as long as an eye. Rostrum 
of fa little longer than the pronotum, gradually widening from base to apex, coarsely 
punctate throughout, with a short longitudinal sulcus between the antennae and a 
smooth low carina on each side of it, the apical margin with two very small projecting 
points in the middle; rostrum of 9 sparsely and much less strongly punctate and with 
the median sulcus, obsolescent. Antennae inserted at about the middle in both 
sexes ; funicle with joints 1 and 2 equal, 6 and 7 strongly transverse. Prothorax as 
long as broad, moderately rounded laterally, widest behind the middle, of equal width 
at base and apex, narrowly constricted at the base (as seen in lateral view) ; dorsum 
with rather strong close punctures, those on the pleurae not larger. Hlytra rather 
short, one-fourth longer than broad, roundly widened behind the middle, with a 
very shallow broad depression behind the scutelluam and an inconspicuous low 
subapical pubescent callus on each elytron in the ¢ only, the rows of small punctures 
more or less irregular throughout. 

Length 3-0-3-2 mm., breadth 1:5 mm. 

Apyssinia : Gamo Prov., Mt. Gughé, c. 10,500-11,000 feet, 1 ¢ (type), at roots 
of fern, xii. 1948 ; Gamo Prov., Mt. Tola, c. 10,600 ft., 1 2, xii. 1948. 

In Voss’ key to this genus (1933, Stett. ent. Zeit., 94, 116) comes nearest to togoensis 
Voss, which differs as follows :—the rostrum has no median sulcus between the 
antennae but has a distinct median carina on the basal half, and the two teeth at the 
apex are much larger and wider apart; the prothorax has the punctures on the 
pleurae much larger and closer than those on the disk; the elytra have a distinct 
bluish reflexion, they are not dilated behind the middle, the punctures are larger 
with the rows on the disk mostly regular, and the subapical callus of the male is more 
prominent and stands on a large shiny area ; and the setae on the sides of the sternum 
are much denser and whiter. 

The genus does not appear to have been recorded previously from Abyssinia, 


despite its very wide distribution. A single specimen of another very similar, 
smaller species was also taken. 


Auletobius pumilio, sp. n. 
3. Derm bronze, with sparse recumbent pale setae ; venter black. 
Structurally the description of A. gamoensis applies to this species except in the 
following particulars :—Head with the frons sloping rather more steeply down to 
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the rostrum. Rostrwm without the sulcus and carinae between the antennae. 
Antennae with joint 6 of the funicle as long as broad, only 7 transverse. Prothoraa 
a little less rounded laterally, the punctures on the disk somewhat larger and less 
close. lytra longer proportionately (11 : 6), much less strongly rounded laterally, 
with sparser setae, and without any subapical callus. 

Length 2 mm., breadth 1 mm. 


ABYssINIA : Gamo Prov., between Dita and Bonghé, c. 9,000-10,000 feet, 1 3, 
xii. 1948. 


Subfam. Cossonrn az. 


Pentarthrophasis patrizit, sp.n. (Fig. 5.) 

Derm entirely testaceous yellow, apparently bare. 

Head with only a few remote punctures, separated from the rostrum by a trans- 
verse row of punctures contained in a very slight impression ; eyes entirely absent. 
Rostrum much longer than broad, but not quite so long as the pronotum, somewhat 
curved, narrowing gradually from the base to the antennae (placed a little beyond the 
middle), then widening slightly to the apex, with numerous large punctures. 
Antennae with the short scape as long as the funicle, without any scales or erect 
setae ; funicle with joint 1 nearly as broad as long, 2-5 strongly transverse, closely 
approximated and progressively widening distally ; club large, nearly as long as 
the funicle, but only the basal joint visible, this being subovate, set with sparse 


Fia. 5.—Pentarthrophasis patrizi, sp. n. 


i ae and obliquely truncate at the apex, with the other joints withdrawn inside 
ie ‘ cae a little ee than broad (10: 9), widening for a very short distance 
from the base, then parallel-sided to the apex, where there is a shallow collar-like 
constriction ; dorsum almost flat longitudinally, with comparatively large separated 
punctures, without any smooth median line. Scutellum invisible. Elytra narrowly 
elliptical, without any shoulders, truncate at the base, jointly rounded at the cae 
widest at the middle ; there are only seven striae and the fifth disappears on the 
basal half; the punctures in the striae are unusually large and the septa eeey 
them are nearly as wide as the narrow impunctate shiny intervals. Legs a 
devoid of scales and without fringes of erect setae; tibiae with a ene an 
very short mucro, almost straight and sinuate beneath at the base, the hind pair no 
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more strongly dilated than the others ; tarsi with joint 3 much broader than 2 and 
deeply bilobate, 4 slender and parallel-sided, the claws minute. Sternuwm with the 
mesosternal process about half as wide as a coxa and not wider than the prosternal 
process ; metasternum a little longer than a median coxa and shorter than ventrite 1 
behind the coxa. 

Length 2 mm., breadth 0-7 mm. 

Apyssinta : Addis Ababa, 1 ex., iv. 1941 (Marchese S. Patrizi), 2 ex. (Meneghettt). 

The only other blind Cossine known to me from Africa is Pentarthrophasis raffrayt 
Pér., a single specimen of which was found by Achille Raffray at Cape Town under 
the ground at the root of a dead tree. The present species was found in the earth 
beneath a large boulder, and apparently belongs to the same genus. 

P. raffrayi differs inter alia in having the apex of the antennal club transversely 
and not obliquely truncate and the scape bears a fringe of long stout scale-like setae ; 
the prothorax is twice as long as broad ; and the hind legs are partly squamose, with 
fringes of short erect setae. 


Pseudomesites rufipennis, sp. n. 


9. Derm black, with the elytra dark red. 

Head sparsely punctate, with a very shallow broad transverse impression behind 
the eyes, the frons narrower than usual, being much narrower than the base of the 
rostrum (2:3). Rostrum quite straight, a little longer than broad, parallel-sided, 
with small isolated punctures ; the apex somewhat asymmetrical, being more rounded 
off on the left side than on the right. Antennae red-brown ; funicle with joint 1 
as long as broad, 2 a little longer than broad and slightly shorter than 1, the remainder 
strongly transverse and widening distally. Prothorax as long as broad, feebly rounded 
laterally, widest at about the middle, very shallowly constricted at the apex, the basal 
margin feebly arcuate, the basal angles not projecting ; dorsum with numerous fine 
isolated punctures, without any smooth median line, a broad shallow depression 
in the middle of the base but none on the disk. Elytra broad, suboblong, the discal 
striae shallow with small separated punctures, striae 6-8 becoming more or less 
obsolescent behind the middle ; the intervals broader than the striae, nearly flat 
very finely aciculate, with sparse minute irregular punctures. Legs black, smooth, 
with sparse minute punctures ; tarsi reddish. 

eee 7mm., breadth 2-5 mm. 

BYSSINIA : Gamo Prov., Mt. Gughé, c. 10,500-11, 5 insi i 
oe ee ae ee ae g 500-11,000 feet, 1 9, inside the dying 

Its unusually large size and red elytra distinguish this species from all its previously 
described congeners. 


Pseudomesites gughensis, sp. n. 


3g. Derm honey-brown, the elytra with a narrow blackish sutural stripe (not 
exceeding striae 1) from base to apex, and the pronotum sometimes with a blackish 
transverse band at base and apex ; sternum and venter mostly or entirely black 

Head with very fine sparse punctures, the frons convex transversely, without any 
median fovea ; eyes quite flat, not anywhere rising above the level of the temples 
Rostrum longer than the head (4: 3), slightly longer in 9, not widened apically but 
parallel-sided throughout (except for a very small sinuation on each side close to 
the apex), much longer than broad (8:5), the punctures like those on the head 
Antennae inserted well beyond the middle of the rostrum, pale at the base and 
becoming blackish distally, comparatively short and stout; scape as long as the 
funicle, which has joints 3-7 all strongly transverse (at least twice as broad as lon ) 
and becoming wider distally, 7 being very close to the club. Prothorax as lon 
broad, rather strongly rounded laterally, widest at or a little beyond the mada 
not constricted at the apex. which is much narrower than the base, the angles of 
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which are not produced ; dorsum with very fine distant punctures and a transverse 
row of larger closer punctures near the anterior margin. Hlytra narrowly elongate, 
not much wider than the prothorax at the very obliquely sloping shoulders, feebly 
rounded laterally, widest behind the middle, without any subapical impressions ; 
dorsum somewhat flattened in the middle as far as stria 3, with fine striae containing 


shallow separated punctures, the intervals broader, flat, very finely aciculate, 
without setae. , 


Length 3:1-3-:8 mm., breadth 1-0-1-1 mm. 

ABYSSINIA : Gamo Prov., Mt. Gughé, c. 10,500 ft., 2 3, 1 9, from dying stem and 
fruiting inflorescence of Lobelia rhynchopetalum, 22. xii. 1928 (type); Mt. Gughe, 
over 11,000 feet, 1 9, among decaying stems and leaves of Kniphofia, 21. xii. 1948. 

Very similar in general facies and colour to P. Kenyae Hust., which may be at once 
distinguished by the antennae, the scape being less than half as long as the funicle, 
the joints of which are less transverse and less closely packed, joint 7 being quite 
distinct from the club ; the rostrum also is shorter and widened at the apex. 

Pseudomesites has not previously been recorded from Abyssinia, but only from 
Mt. Elgou, Mt. Kenya and the Ruwenzori range. 


PH be 
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JOURNEY TO THE GUGHE HIGHLANDS (SOUTHERN ETHIOPIA), 1948-1949; 
GASTROPODA, SLUGS FROM THE HIGH MOUNTAINS. By H. E. Quick, 
B.Se., F.R.C.S. (Communicated by Huex Scort, Sc.D., F.R.S., F.L.S.) 

[Read 21 January 1954.] 
(With 17 text-figures.) 


The three species of slugs described here were collected by Dr. Hugh Scott in the 
mountains of the Gughé Highlands in the Province of Gamo, in 1948. Endemic 
forms of many groups of animals and plants inhabit the Ethiopian (Abyssinian) 
highlands as a whole, i.e. the high plateaux at and above 8,000 feet. Such endemism 
is pronounced in the associations of high-mountain species found on the isolated 
massifs rising above the plateaux to altitudes of 12,000 feet and more, of which the 
Gughé Highlands, hitherto biologically unexplored, are a notable example. Professor 
Carlo Piersanti, who has kindly looked at descriptions and sketches, states in a letter 
that he confidently recognizes these slugs as new, and Dr. William Adam, also in a 
letter, agrees that there is little risk of error in so doing. Therefore it seems justifiable 
to regard these slugs as new to science. The material will be deposited in the British 
Museum. 

Two species are referred to Agriolimax sens. lat.; this genus, though widely 
distributed, is not indigenous in tropical countries at low altitudes, though in many 
such places it has become established by accidental introduction. The third species 
is referred to Veronicella sens. lat., a widespread tropical genus, of which however 
I have not hitherto met with representatives from such high altitudes. 


Agriolimax gughensis, sp. nov. (Figs. 1-5.) 

Four examples from Mount Gughé at 10,500 feet, inside a dying bamboo stem, 
near a marsh, 20. xii. 1948. 

Length contracted in alcohol 15 mm. Dorsum light greenish brown with a few 
median dark spots, and shortly keeled at the tail ; chalky looking white spots occupy 
more or less of many of the tubercles, and run together into a whitish band on the 
flanks. The mantle is slightly browner and bears a few dark and white spots, and a 
well marked dark streak runs above the pale bordered post-median respiratory 
orifice (fig. 2). These markings are remarkably uniform in all four specimens. 

The jaw and radula conform to the usual Agriolimax type, and the radular formula 
is 46.10.c.10.46 (figs. 4, 5). The alimentary canal is triadromous, and there is no 
rectal caecum. 

The dark ovo-testis is placed relatively far forwards in the visceral mass: the 
short pale hermaphrodite duct is slightly sinuous and swollen in its central part and 
the albumen gland, as usual in Agriolimaz, is short and blunt (fig. 1). The spermo- 
viduct and spermatheca present no special features. The penis is 3-5 mm. to 4mm. 
long, narrow distally, somewhat swollen in the middle portion and slightly constricted 
before the blunt rounded apex. The retractor muscle, arising from the diaphragm 
in front of the kidney, is inserted into the penis about a quarter of the way down 
immediately distal to the entry of the vas deferens. There are no slender tubular 
mucous glands present, and no pouched appendages, like those of some other species 
unless the short apical part of the penis above the entry of the vas deferens can be 
reckoned as an appendix. On opening the penis, a well developed triangular sarco- 
belum is seen, with its apex directed backwards instead of forwards, as is more usual 
(fig. 3). A prominent sickle shaped fold or pilaster encircles the entrance of the 
vas deferens, and there are two or three other less prominent folds. The right ocular 
retractor passes to the left of the distal genital ducts and does not cross the penis. 

Of the common British and Continental species, this is very near to Agriolimax 
agrestis (L.), which has only one small, and sometimes very small, tubular gland, and 
no pouches, It also resembles it in the relatively far forward position of the ovo- 
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testis, but differs in the complete absence of tubular glands, in the absence of a rectal 
caecum, in the smaller number of lateral radular teeth and the larger number of 
marginals, in the orientation of the sarcobelum, and in the external markings. 


Fies. 1-5.—Agriolimax gughensis, sp. n. 
1, reproductive organs x 5-2; 2, external appearance, contracted in alcohol x 3:4; 3, penis opened 
to show the sarcobelum directed backwards, and thickened folds, one falciform, surrounding 
the entry of vas deferens x11; 4, representative teeth from the radula x 375 ; 5, jaw x 15. 


Agriolimax scottt, sp. nov. (Figs. 6-11.) 


Two adults from Mount Tola, Gughé Highlands (Gamo), at 11,000 feet, in marshy 
ground, 15. xii. 1948; and one adult from Mount Gughé between 10,000 feet and 
11,000 feet, in a marsh at the eastern foot of the peak, 21. xii. 1948. 

Length, contracted in alcohol, 15mm. Dorsum golden brown, with a low keel 
extending forwards to the hinder end of the mantle, but not indenting it; sides 
golden brown with a lighter median longitudinal area, and a few dark spots ; tubercles 
above the pedal groove bright orange ; mantle golden brown with a somewhat darker 
median area and a pair of curved black bands, the right band passing just above the 
post-median respiratory orifice ; a narrow black band on each side runs from the 
mantle to the tail close to the keel (figs. 6, 7). The jaw and radula resemble those of 
Agriolimax (figs. 10, 11), and the radular formula is 33.17.¢:17.33 X 103. The 
alimentary canal is triadromous and without a rectal caecum. 

The ovo-testis, hermaphrodite duct, spermoviduct and the spermatheca are like 
those of griolimax, and so is the short blunt albumen gland. The penis is rather 
narrow and cylindrical, though somewhat dilated in the central part. Two hollow 
appendages open into its apex but there are no branched crenulated tubules. The 
vas deferens enters just proximal to the insertion of the retractor muscle (fig. 8). 
Internally a thickened fold or pilaster runs forwards along each appendage, and 
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i i is i ition of the sarcobelum of 
ther one occupies the distal end of the penis in the posit: ( 
mee pike esis of Agriolimax, but it does not look as if it could function as such 
(fig. 9). The right ocular retractor passes forward to the left of the genital ducts 
and so does not cross the penis. 


10 i 


Fies. 6—11.—Agriolimax scotti, sp. n. 


6, external appearance, lateral view x 3-4; 7, external appearance, dorsal view X 3-4; 8, repro- 


ductive organs X 5-2; 9, penis opened x 11; 10, representative teeth from the radula x 375; 
11, jaw x15. 


It will be seen that internally this slug agrees with Agriolimaz, in which a rectal 
caecum may be present (reticulatus and agrestis), or absent (laevis and carwanae) ; 
pouch-like penial appendages and more or less branched slender tubular glands may 
be present or absent in varying combinations, and a sarcobelum may be present or 
absent. ‘Two hollow pouches are a feature of A. carwanae, which however has a 
bundle of four slender tubules as well. A sarcobelum is absent in A. melanocephala, and 
in the American A. heterura (Pilsbry, 1948). It is true that Agriolimaz is generally 
regarded as bandless, but Simroth (1904) places his Agriolimax milacoides, an 
Abyssinian slug, which is similarly banded, in this genus, and expresses his surprise at 
finding a slug agreeing in all essential features with Agriolimaz also exhibiting bands. 
The present species, while agreeing with A. milacoides in banding, differs in colour, and 
differs internally in the absence of a sarcobelum and in other details of the internal 
structure of the penis as figured by Simroth. Dr. L. Forcart kindly sent me a 
photograph of the genitalia of Lytopelte maculata, showing the calcareous penial spur ; 
the absence of this feature excludes the present slug from the genus Lytopelte. 
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Veronicella (sens. lat.) tolana, sp. nov. (Figs. 12-17.) 


Four adults from Mount Tola, Gughé Highland i 
and one juvenile from 10,000 feet, is. Xii. 1948, pay bawebne i Bet ot «: 


« 
SoCs. 


SGC 
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2 
vo 
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Fies. 12-17.—Veronicella tolana, sp. n. 

12, animal contracted in alcohol, opened from above, showing general disposition of organs x 3:8; 
13, ventral view showing the lineolated sole, position of the female reproductive orifice, 
and the cloaca (the head and tentacles are retracted and not visible; only a few of the 
granulations are indicated) x 3-8 ; 14, reproductive organs x6; 15, penis and stimulator 
sheath opened to show the penis and stimulator x 9; 16, jaw x23; 17, representative 


teeth from the radula x 375. 


Length contracted in alcohol 17 mm. x 10mm. Olive brown above, yellowish buft 


below, both surfaces finely granular, with small scattered black spots ; notum not 
keeled ; female reproductive orifice on the right side, equally distant from each end, 
and nearly mid-way between the lineolated sole and the margin of the notum, but 


386 JOURNEY TO THE GUGHE HIGHLANDS (SOUTHERN ETHIOPIA), 1948-1949 


slightly nearer the pedal groove ; cloacal orifice a crescentic slit on the right side 
close behind the end of the foot (fig. 13). 

Fig. 12 shows the general disposition of the internal organs with the spiral bundle 
of mucous glands passing beneath the oesophagus, the stomach between the 
anterior and posterior lobes of the liver, the ovo-testis on the right side posteriorly, 
and the spermatheca about mid-way down on the right side, just in front of 
the point where the rectum leaves the visceral mass to enter the tissues of the notum. 

The jaw (fig. 16) measures 1-4 mm. and consists of about twenty-two golden 
brown plates that are finely striated longitudinally. 

The radula (fig. 17) has a small central unicuspid tooth, laterally bulging sides 
and a crescentic base. It is flanked on each side by thirty-five unicuspid teeth 
which very gradually become smaller towards the margin. The change-over from 
lateral to marginal teeth is so gradual that no definite place can be assigned for it. 

The large pale ovo-testis is composed of spherical follicles ; the hermaphrodite 
duct is slender at first, then becomes dilated and much convoluted, forming a 
compact mass bound together by connective tissue, it then becomes slender again 
and develops a conspicuous fertilization sac before entering the lobulated albumen 
gland (fig. 14). The prostate is a solid-looking yellow organ from which the vas 
deferens passes forwards beneath the oviduct and spermatheca duct to enter the 
tissues of the notum, from which it emerges again close to the penis and stimulator 
sac. It is connected with the spermatheca duct by a short branch. The first ‘part 
of the oviduct is slender and coiled, the middle part dilated and the terminal part 
again slender. The large globular spermatheca arises from the oviduct by a short 
wide duct near its termination. The penis sheath is about 3mm. long, and the 
vas deferens enters at an apical depression. The penis (fig. 15) is constricted at 
about one-quarter of the way down, and then proceeds in a zig-zag manner to its 
minutely papillate termination. The fourteen long tubular mucous glands form 
a spirally twisted bundle, and are narrowed at their termination and enter the 
stimulator sac separately. The sac contains a stout conical papilla. A small 
pedunculated sac is attached to the stimulator sac half way down (fig. 14). 

This slug differs from V. roccatit Pollonera (Colosi, 1922), in which the shape 
of the penis is different, the mucous glands as figured are shorter, only ten in number, 
and not twisted, and no pedunculated sac on the stimulator sac is indicated. It also 
differs from a Veronicellid collected in the Jem-Jem Forest, west of Addis Ababa, 
in 1926 by J. Omer-Cooper, which has only five or six mucous glands which are 
much shorter than in the present species, and the penis is shaped differently. 
Connolly (1928) suggested that this slug is near to V. chevalieri Germain, but Germain 
(1918) expressly stated that chevalieri is sub-carinate, the female reproductive orifice 
is near the inner border of the notum, and that there are only three mucous glands. 

The African Veronicellidae are undergoing monographic revision by Dr. L. 
Forcart, so the present species from Mount Tola is referred to Veronicella sens. lat. 
without any attempt at greater exactitude. 
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TWO NEW WINGLESS SPECIES OF DIPTERA, SPHAEROCERIDAE 
(BORBORIDAE), FROM ETHIOPIA. By Professor O. W. Ricuarps, M.A., 
D.Sc., F.R.E.S., Department of Zoology and Applied Entomology, Imperial 
College of Science and Technology, London. (Communicated, with an 
introductory note, by Hueu Scott, Sc.D., F.R.S., F.L.S.) 


(With 1 text-figure.) 
[Read 6 May 1954.] 


[Nore : the two new species of wingless Diptera described by Professor Richards 
_ below were collected by me respectively during my “‘ Journey to the Gughé Highlands 
(Southern Ethiopia), 1948-9 ”’, and my later “‘ Journey to Northern Ethiopia (Simien), 
1952-3”. On neither journey could I make a general collection of Diptera, as during 
my first visit to Ethiopia, the “ Entomological Expedition to Abyssinia ”’, in 1926-7. 
But in December 1948, while searching on Mt. Tola for hypogaeous beetles by sifting 
humus under forest trees, at an altitude of nearly 10,000 feet, I obtained a single 
wingless fly, the type of the first species of Binorbitalia described below. 

Being keenly interested by this chance discovery, I kept, during my recent journey 
to the high Simien in Northern Ethiopia, a sharp look-out for wingless Diptera. In 
November and December 1952, this was rewarded by my finding, at altitudes from 
about 12,000 to 13,250 feet, some 15 examples of the second species of Binorbitaha, 
described below by Professor Richards. 

No giant lobelias were growing near the small patch of forest on Mt. Tola where the 
single specimen of the first new species was found. But all the examples of the second 
new species were collected from dead and decaying hollow woody stems of Lobelia 
rhynchopetalum (Hochst.) Hemsl., the most striking plant of the high Simien, where 
some examples of it stand (in sheltered places) over 20 feet high including the inflores- 
cence. This giant lobelia is confined to Ethiopia, found only at high altitudes, from 
about 11,000 feet upwards ; on Ras Degien, the highest point in Ethiopia, numerous 
stunted examples of this plant reach nearly to the top (15,154 feet). It is much less 
abundant on the high mountains of central and southern Ethiopia, where the 
individual plants, as far as I have seen, reach less gigantic proportions. (The 
only other giant lobelia known from Ethiopia is L. giberroa Hemsl., a species widely 
distributed in tropical Africa, found at more moderate altitudes, e.g. 9,000 feet, but 
not seen in Simien.) 

On my first visit to Ethiopia I had found, on 21 November 1926,* on Mt. Chillalo 
at about 12,000 feet, again in a decaying stem of Lobelia rhynchopetalum, a single 
wingless Sphaerocerid. Professor Richards considered this so distinct as to justify the 
description of a new genus and species, Lobeliomyia scotti, which he included in the 
British Museum (Natural History) Ruwenzori Expedition 1934-5, vol. ii, no. 8 (Brachy- 
pterous Sphaeroceridae), April 1951, pp. 841-3, fig. 8. 

Thus, three wingless species of Sphaeroceridae are now known from Ethiopia 
(Abyssinia). All of them were discovered at high altitudes, and in two cases the 
insects were associated with the endemic Lobelia rhynchopetalum—the second new 
Binorbitalia occurring thus in some numbers. 

The biogeographical indications, though slight, are interesting. Of the three 
known species of Binorbitalia, B. nitidissima Rich. (the type-species) was discovered 
on the Aberdare range in Kenya, while the two new species described below were 
found respectively in the Gughé Highlands, southern Ethiopia, and in the high 


* The date of capture was 21 November 1926, as stated above, not 21 September as given 
(1951) after the description of the species. 
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Simien, northern Ethiopia. These are isolated places ; the Gughé Highlands lie 
nearly 500 miles north of the Aberdare range, while Simien lies more than 500 miles 
north of the Gughé Highlands. So the type-localities of these three species of 
Binorbitalia are spaced out over more than 1,000 miles, approximately from south to 
north. ; 

The genus Lobeliomyia is so far known only by the single species from Mt. Chillalo 
in south-central Ethiopia, which again is isolated, being (for instance) over 550 
miles north-north-east of Mt. Elgon, on which (together with other mountains of 
eastern and central Africa) wingless genera and species of Sphaeroceridae are specially 
developed. 

So far as the mountains where the insects immediately under review were found are 
associated with the Rift-Valley System—and this association seems clear in the case 
of the Aberdare range, the Gughé Highlands and Mt. Chillalo, though less so in the 
case of Simien, which is much more remote from that System—they are associated 
with the eastern branch of the System, not with the western branch, as are Ruwenzori 
and the volcanoes of Kivu. Professor Richards recently remarked to me that the 
wingless Sphaerocerids known from Ruwenzori are quite distinct from those of 
Mt. Elgon and the other mountains associated with the eastern branch. So far as this 
evidence goes, it tallies with the taxonomic distinction between the group of endemic 
species of montane Trechinae (Coleoptera, Carabidae) found on the Ruwenzori range in 
the west, and those discovered on the mountains of the eastern series. In fact, these 
two latter groups of montane species, believed to be derived respectively from southern 
and northern ancestral forms, appear to interlock in tropical Africa, though not to 
mingle on the same mountain-massifs.* 

As to more general considerations: Sphaeroceridae are small or minute flies 
belonging to the assemblage of muscoid families known as Acalypterae. They are 
usually black or dark brown, with the basal segment of the hind tarsi dilated. Their 
larvae live in decaying organic matter. 

The family includes a number of flightless representatives, comprising brachyp- 
terous forms in which the wings, though present, are so reduced that the insect 
cannot fly, and others in which both wings and halteres are quite absent. All the 
three species recorded from Ethiopia fall into the latter category. Though several 
flightless species are known only in the female sex, reduction or absence of the wings 
does occur in both sexes. But in some of the least modified brachypterous species 
the wings of the female are a little more reduced than those of the male. 

The summary by Professor Richards (in the Ruwenzori Expedition report cited) 
shows that brachypterous or apterous Sphaeroceridae occur in continental Europe and 
Britain, in South America, New Zealand, and elsewhere. Forms exposed to rigorous 
climatic conditions, as on mountain-tops or in the subantarctic islands, appear 
particularly liable to reduction of the wings ; so, on the other hand, do those living in 
very protected situations, such as nests of mammals, or dense plant-detritus. 

Apparently brachypterous and apterous species have evolved parallel to one 
another from a number of parent stocks, while the high degree of modification of some 
forms has necessitated the erection of separate genera, even if monotypic. For 
instance, of places on the threshold of the Antarctic, Tierra del Fuego, the Falkland 
Islands and the Crozet Islands have a monotypic genus apiece, while Kerguelen has 
three apterous species placed in one genus. Other cases of resemblance between the 
subantarctic islands and the high African mountains are found in several groups of 
animals and plants, the likeness being due partly to close taxonomic relationship, 
partly to similarity of oecological associations. 


It is hoped that the winged Sphaeroceridae collected in the high Simien will also 
be studied by Professor Richards later.—H.S. ] 


* See Scott, Journey to the Gughé Highlands (Southern Ethiopia), 1948-9, Proc. Linn Soc. 
Lond., 163 (1950-51), Part 2, 85-189 (especially pp. 95-102). 
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BINORBITALIA Richards. 


Binorbitalia Richards, British Museum (Natural History) Ruwenzori Expedition 1934-5, vol. ii, 
no. 8, p. 831, 1951. 


The genus Binorbitalia was founded on a single specimen of a new species, 
B. nitidissima Richards, from Kenya, found on the Aberdare range at 10,500 ft. 
Dr. Hugh Scott has now discovered two additional species in Ethiopia, which are very 
closely allied and necessitate some modification of the generic diagnosis.* ‘The 
scutellum is more reduced than in the type species and in one of them there is an 
additional small anterior inwardly directed superior orbital bristle. The separation 
from the genus Paraptilotus Richards, 1938 is now best made as follows :— 


Abdominal sternites narrow; three superior orbital bristles present ; 

Creminelikeren yal S ayealilhiohisnien cog havooconanopomeaoons socoebcunS Paraptilotus. 
Abdominal sternites broad ; usually only two superior orbital bristles ; if 

three, the anterior one is small and the scutellum is strongly transverse ; 

ocelli more reduced, sometimes absent ..:.....-.-. se eee ee ecreees Binorbitalia. 


Mesaptilotus Richards, 1951 is easily distinguished by lacking the anterior pair of 
dorso-central bristles and the abdominal macrochaetes. 


Key to the species of Binorbitaha. 


1. Scutellum more than one-third as long as mesoscutum. 
Arista four times as long as antenna. Cercal bristles 
straight. Mid tibia with a strong bristle at 4/5 immediately 
surmounted by three others on a common level. Head 
orange, occiput and posterior two-thirds of frons black. [(Aberdare range). 
Thorax black, ventral half rather sharply orange ...... B. nitidissima Rich. 
— Scutellum one-fifth as long as mesoscutum. Arista three 
times as long as antenna. Cercal bristles sinuous. Mid 
tibia with a pair of bristles at 4/5 surmounted by another 
anterodorsal bristle. Head entirely orange brown, except 
tip of antenna. 
2. One outwardly and one inwardly directed superior orbital 
bristle. Ocelli not traceable. Discal microchaetes on 
abdominal tergite 3 shorter and whole abdomen less 
reticulate. Thorax orange-brown except a streak on the [(Southern Ethiopia). 
pteropleuron and the ventral sternal region.......--.. B, discontinua, sp. n. 
~ Two outwardly (anterior one small) and one inwardly 
directed superior orbital bristles. Ocelli very small but 
distinct. Discal microchaetes on abdominal tergite 3 
longer and whole abdomen more reticulate. Thorax black, 
only anterior part of mesopleuron orange tinged, legs [(Northern Ethiopia). 


GRTURED |... oc crane ed ote Gr Ge 0 Cueto Ceo oid On Decee Orca eine B. triseta, sp. n. 


Binorbitalia discontinia, sp. Nn. 


Head, thorax and legs reddish-brown ; tip of third antennal segment, elongate spot 
on pteropleuron, ventral part of thoracic sternum and whole abdomen, black. Length 
2-5 mm. 

Resembles B. nitidissima Richards, 1951 except in the following, particulars :— 
jowls considerably wider, at narrowest quite as wide as third antennal segment, eyes 
being considerably more reduced, longitudinal diameter nearly twice the vertical one, 
which is considerably shorter than greatest height of jowls. Ocelli completely absent. 


* There is a misprint in the original generic diagnosis (p. 832, top line) where the prealar 
‘bristle is mentioned twice ; the second reference to ‘ one weak prealar ’ should be omitted. 


390 0. W. RICHARDS : 


Mesoscutum a little wider than head with eyes, with some bristles lost, but the pre- 
sutural pair of dorsocentral bristles present,* microchaetes more numerous, 81x Ba 
between the dorsocentrals, macrochaetes all shorter, scutellum more Mbaeeti 2, y 
one-fifth as long as mesoscutum, its bristles shorter. Mid tibia with a pair ve : He es 
at one-third and a pair surmounted by an anterodorsal one at four-fifths. ier 
with surface faintly shagreened, considerably shorter and broader, less than pee A 
half times as long as head and thorax together, two and a half times as long as broad, 
broadest at end of third tergite, tergites 1+-2 relatively much shorter, not as long as 
mesoscutum, macrochaetes shorter but more SU ee ieee ae shorter, 
umerous and appressed ; cercal bristles sinuous, not straight. 
dee Teoert : Gas rorinae Mt. Tola, c. 9,800 ft., 13. xii. 1948, by sifting humus in 
a patch of forest, 1 2 (Scott). T'ype in British Museum. 


<< ae 


Fic. 1.—Dorsal view of type female of Binorbitalia discontinua, Bp. Dae XC. 33. 


Binorbitalia triseta, sp. n. 


?. Black, shining, sternopleuron partly tomentose; head with antennae, a more or 
less evident tinge on mesopleuron, and legs, reddish-brown : tip of third antennal 
segment, femora and distal part of hind tibia, darker. Length about 2:3 mm. 

Structurally very like B. nitidissima Rich. except :—two anterior outwardly 
directed superior orbital bristles (anterior one thinner and half the length of the 
posterior one) as well as the strong inwardly directed posterior one. Vertical diameter 
of eyes somewhat less than greatest width of jowls; facial knob hardly prominent ; 


* Though unfortunately both the presutural d 


orso-central bristles have been lost, and are 
therefore indicated by broken lines in the figure, 


yet these bristles are undoubtedly present in this 
species. Not only are the sockets of their bases clearly visible under a high power, but the right- 
hand bristle was present originally ; it was clogged with mounting medium, and was lost in an 
attempt to disengage it from this substance.—H.N. 
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arista three times as long as antenna, pubescence longer ; scutellum with anterior 
margin straight, fully twice as wide as long, central pair of bristles half the size of the 
outer ones ; mid femur with four short but fairly stout anterior bristles near apex ; 
mid tibia with a pair of bristles at one-third, a pair at four-fifths with an anterodorsal 
one just above them, and an apico-ventral ; abdomen twice as long as broad, tergite 
four as long as three, microchaetes all very short, even at sides ; about three sinuous 
bristles on each cercus. 

dg. Very similar to female, abdomen somewhat swollen at apex, genitalia rather 
large, a sinuous outstanding bristle on each side beyond (topographically anterior to) 
anal split, sternites with rather numerous short outstanding bristles, last visible 
sternite almost semicircularly emarginate, margin a little thickened. 

Pinned specimens :—Etxiopia: Simien, above Lori, c. 12,000 ft., 28. xi. 1952, 
type 9, allotype J, paratypes 8 J, 29. Specimens in alcohol :—Simien, Mai Datcha, 
E. of Arcuasié, c. 13,250 ft., 5. xii. 1952, 3 2 paratypes with most of the bristles lost. 
Type and paratypes in British Museum. 

The second locality was a valley with a wide marshy floor and many specimens of 
Lobelia rhynchopetalum, which were also numerous on the slopes above Lori. The 
woody stems of this plant are hollow, and much debris can be shaken from dead 
stems on toa mackintosh sheet. All the specimens of Binorbitalia triseta were collected 
in this way, from dead and rotting stems of the Lobelia (Scott). 
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OBSERVATIONS ON THE LUMINESCENCE OF BATHYPELAGIC CRUSTACEA 
DECAPODA OF THE BERMUDA AREA. By Ratpx DENNELL, D.Sc. 


(With 6 text-figures.) 


[Read 6 May 1954.] 
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1. IyTRODUCTION. 


In bathypelagic Decapod Crustacea many organs of very varied histological 
structure have been described as photophores (Hansen, 1903; Kemp, 1910a; 
Terao, 1917; Ramadan, 1938 ; Dennell, 1940). Only rarely, however, has lumin- 
escence been actually observed (Terao, 1917; Kemp, quoted by Dennell, 1940 ; 
Beebe & Crane, quoted by Chace, 1940), and it has been left in doubt whether many 
of the structures described are truly luminous. A visit to the Bermuda Biological 
Station in 1948, while holding a Leverhulme Research Fellowship, afforded the 
opportunity of direct observation of luminescence in a number of Decapoda hitherto 
only presumed to be luminous, and of gathering further information on the presence 
of photophores and their natural pigmentation in Decapoda generally. 

At the time of this visit the Woods Hole research vessel ‘ Caryn’ was working 
in the Bermuda area, and through the kindness of Dr. D. E. 8. Brown, Director of 
the Biological Station, and of Dr. F. Haas, of the Chicago Museum of Natural History, 
who was responsible for the collections made by the ‘Caryn’, it was possible to 
examine a valuable supply of living material. Specimens taken from deep water 
were transferred as soon as possible to chilled sea-water through which oxygen had 
been bubbled, and were brought to the laboratory in insulated containers. At a 
temperature of 5-7° C. they often remained active for some hours or even considerably 
longer, sometimes showing luminescence to the dark-adapted eye in the dark room. 
It was striking that, as reported by previous observers, all efforts to stimulate the 
photophores to activity proved unsuccessful, so that the observations recorded here 
have been made on spontaneously luminescing animals. 

I am indebted to Dr. M. D. Burkenroad for his identification of the species of 
Sergestes, to Dr. I. Gordon for allowing me to examine a specimen of an ovigerous 
female of Leptochela bermudensis, and to Dr. M. V. Lebour for reading the manuscript 


of this paper. 


2. Tuer PHOTOPHORES OF CARIDEA. 
(a) HopLOPHORIDAE. 
Hoplophorus grimaldi. 
Two of the several specimens of Hoplophorus grimaldii obtained clearly emitted 


light simultaneously from the body photophores. As described by the late Dr. Kemp 
JOURN. LINN. SOC.—ZOOLOGY, VOL, XLII. 28 
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(quoted by Dennell, 1940) the light was feeble, but on finally preserving the animals 
in formalin sea-water it was momentarily greatly intensified. It is interesting 
that Miss Crane (quoted by Chace, 1940) observed no luminiscence in this species, 
but in H. spinicauda Dr. Beebe (Chace, 1940) observed the production of secreted 
luminous material, presumably similar to that of Systellaspis debilis. Species of 
Hoplophorus possess therefore both tegumental photophores and luminous glands 
as do the species of Systellaspis. 

The pigmentation of the tegumental photophores of H. grimaldii has been 
described by Miss Crane (Chace, 1940), and of H. novae-zealandiae by Dr. Kemp 
(Dennell, 1940). A constant feature of these organs is the association of red pigment 
dorsally and blue-violet ventrally. The present observations on H. grimaldi agree 
closely with those of Miss Crane, with the exception that the transverse bar behind 
the base of each of the last thoracic limbs appeared deep violet-blue along its whole 
length. Behind it is a wider and longer band of carmine pigment, so that the violet 
bar appears framed in carmine. The violet pigment is carried by the cuticle, so 
that the light emitted must pass through it, and Miss Crane’s remark that it probably 
acts as a reflector would therefore seem not to be justified. It is interesting that 
although no luminescence was observed by Miss Crane she refers to the red pigment 
of the carapace photophores and to the blue pigment of the abdominal photophores 
as ‘ lights ’. 

Dr. Kemp described the. carapace organs of H. novae-zealandiae as consisting of 
a deep violet-blue lens, succeeded by a pale yellow, perhaps photogenic, layer, then 
by a white, possibly reflecting layer. Above all is a thick mass of deep red pigment, 
containing a number of pyriform bodies. My observations show that the cuticular 
lens is truly violet and that the photogenic cells (the pyriform bodies) are embedded 
in carmine pigment. A white layer, mentioned by Dr. Kemp as distinct from the 
yellow layer, has, however, not beenseen. Butitis noteworthy that the zone between 
violet and red regions is opaque white when seen by reflected light, and amber- 
coloured by transmitted light. This zone appears to correspond to the fibrous and 
vacuolated zone seen in sections of the organs (Dennell, 1940, fig. 17). It may be 
recalled that a white opaque granular substance occurs in the photophores of 
Systellaspis affinis (Dennell, 1940), but whereas this persists in prepared sections 
that of Hoplophorus grimaldii does not. 

It is unlikely that the white flocculent material observed by Miss Crane came 
from the elongated photophores behind the fifth thoracic limb, for these have no 
opening to the exterior (Dennell, 1940).’ It was possibly exuded from the repro- 
ductive openings, and seems to have no relation to the luminous secretion of 
H. spinicauda (Chace, 1940), or of H. gracilirostris (Chace, 1947). The site of origin 
of clouds of luminous secretion will be discussed in describing the luminescence of 
Systellaspis debilis. 


Hymenodora gracilis. 


__On two occasions Hymenodora gracilis was clearly seen to emit a diffuse blue-green 
light from the cephalothoracic region. The light was most intense over the posterior 
two-thirds of the cephalothorax, and fluctuated in intensity with a period of about 
three seconds. No superficial photophores were observed and the light seemed to 
be given off by some internal structure. It was therefore of interest later to observe 
the luminescence of a third specimen damaged in the net. The arthrodial membrane 
connecting the dorsal margin of the cephalothorax with the first abdominal somite 
was ruptured. The digestive gland was unusual in that its gross appearance was 
that of an emulsion of oily droplets, and in the dark the extruded mass was clearly 
seen to be luminous. Following this observation the animal was fixed and preserved 
for histological examination. 

The appearance of the gland after infiltration with celloidin and sectioning is 
seen from fig. 1 to be quite different from that usually presented by this organ in 
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Decapoda. The tissue is highly vacuolated, and only on close examination are 
the individual tubules of the gland distinguishable anteriorly and laterally. Posteriorly 
the vacuoles are larger than anteriorly, and in many places have become confluent 
forming large spaces not readily recognized as distinct from the lumen of a tubule. 
In life the vacuoles presumably contain the fat or oil globules characteristic of the gland. 
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The digestive gland of Hymenodora gracilis as seen in parasagittal section. /ib., fibres; l.m.t., 
lumen of main tubule ; J/.s.t., lumen of side tubule ; nuc., nucleus ; vac., vacuole. 


This appears to be the first record of luminescence in Hymenodora gracilis, and 
of a luminous digestive gland in a Hoplophorid. The digestive gland has been 
noted to be luminous in a Pandalid and in Sergestids (this paper, and see Dennell, 
1940), but there is no similarity of structure between the organs in these three families. 
: As will be seen from the discussion to this paper, the luminescence of Hymenodora 

is of particular interest in attempting to discover the significance of luminescence 
in the life of bathypelagic Decapod Crustacea. 


Systellaspis debilis. 

The photophores of Systellaspis debilis have already been described in some 
detail by Coutiére (1906), Kemp (1910 a, b), and Dennell (1940). However, since 
this is the commonest luminous Decapod of the Bermuda area the opportunity was 
afforded of examining several hundred fresh specimens, and the following information 
supplements that already available. Harvey (1952) notes that previous investigators 


have observed luminescence only in the secretion given out by the animal, but in the 
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present examination the superficial photophores were observed to glow distinctly 
on a number of occasions. The photophores were never seen to light up simul- 
taneously over the whole body, and the light of those that did function remained 
steady with no indication of rhythmic flashing. Many attempts were made to stimu- 
late the photophores to activity by artificial means. High and low temperatures, 
NaCl solutions of varying concentration, and mechanical irritation were without 
effect. Electrical stimulation of different regions of the nerve cord was also ineffec- 
tive. These treatments failed not only with S. debilis but with all other Decapods 
obtained. It is possible that the change of pressure involved in bringing the animals 
to the surface may have a disturbing effect on the functioning of the photophores, 
but unfortunately it was not possible to subject the animals experimentally to high 
hydrostatic pressure in order to discover whether this would promote luminescence. 
It is clear that these difficulties, encountered also by other observers, impose a 
serious limitation on work on the mode of functioning of the organs. 

The production of a luminous secretion was observed frequently. S. debilis 
was kept alive in the cold room of the laboratory for longer periods than any other 
Decapod taken, and irritation of the animal rarely failed to provoke luminescence 
of this type. The luminous secretion is carried forwards in the exhalent respiratory 
stream from the branchial chambers, and at the same time the animal, by a vigorous 
flexing of the abdomen and tail fan, executes a rapid backwards ‘ escape reaction ’. 
It seems possible that the conspicuous luminous secretion hanging in the water may 
serve, like the ink clouds of squids, to distract the attention of predators. Harvey 
(1940, p. 64), referring to the animal as Acanthephyra purpurea, mentions that the 
luminous material is emitted from glands near the mouth, but in his illustration 
(fig. 43) it is shown as issuing behind the last thoracic limbs. Chace (1940) quotes 


Miss Crane as implying that in Hoplophorus grimaldii the secretion is produced by ~ | 


the transverse photophore behind the last thoracic limb, and in the same work 
quotes Beebe (1934) as describing this organ as slit-like in a Decapod which was 
unidentified but which was probably Systellaspis debilis. Since the organ behind 
the last thoracic limb in neither Hoplophorus nor Systellaspis is in fact slit-like, being 
covered by unbroken integument (Dennell, 1940), it seems clear that as described 
by Dahlgren (1917) the secretion is produced by glands on or near the labrum. The 
secretion observed by Miss Crane was doubtless from the genital openings : a male 
observed during these observations had after preservation a mass of coagulated 
material trailing from the openings of the vasa deferentia. 

The distribution of the tegumental photophores has been examined in a 
considerable number of full-grown male and female specimens. No sexual differences 
were observed, and the total number of photophores appears to be 154. Kemp 
(1910 b) has recorded photophores to the number of 147 in a large specimen. Almost 
all the organs occupy ventral or lateral positions, but some, as noted by Kemp 
are dorsally situated. They have been clearly seen in the present examination a 
little in front of the posterior borders of the cephalothorax and of all the abdominal 
somites, while one is found posteriorly and one anteriorly on the telson. It is 
interesting that dorsal photophores are not confined to the Hoplophoridae, but, as 
will be seen later, occur in some species of Sergestes. 

Gurney & Lebour (1941) record the presence of photophores in even the larval 
stages of Systellaspis debilis, and Coutiere (1906) and Kemp (1910 b) have given 
information on the order of appearance of the organs. In the discussion which 
will follow it will be seen that the presence of luminous organs in the young stages is 
important in attempting to assess the significance of luminescence in Decapoda 
and for this reason a brief account of the order of appearance of the organs, as shown 
by a study of a large number of young individuals, is given here. Gurney and Lebour 
state that in the larvae the first to appear are the transverse streaks behind the 
bases of the last thoracic limbs and at the bases of the anterior pleopods. Next to 
appear are the more posterior pleopod organs, and those at the bases of the uropods 
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together with those on the eye-stalks, third maxillipeds, and thoracic limbs. Exami- 
nation of young individuals ranging from 8 mm. to 15 mm. carapace length (orbit to 
rear margin) enables this account to be continued. The lateral branchiostegal 
and lateral abdominal organs now appear and increase in number, and at the 
same time the series of dorsal organs and the single mid-ventral organs of the sixth 
abdominal somite become visible. Progressively the full complement of photophores 
is attained, the last organs to make their appearance being apparently those of the 
exopods of the thoracic limbs. In general, therefore, the complex and ventral organs 
on the eye-stalk, carapace margin, last thoracic limb bases, and pleopod bases, 
which form the characteristic photophore pattern of the Hoplophoridae, are formed 
early, while the simpler lateral and dorsal pigmented spots of the body and limbs 
appear later. 


} TEXT-FIc. 2. 

Vertical section through a branchiostegal photophore of Systellaspis debilis, to show the distribution 
of pigment. a.c., amber coloration of cuticle; ¢.p.c., carmine pigment cap ; n.phot.c., 
nucleus of photogenic cell; r.p.c., red pigment of cuticle ; v.p.c., violet pigment of cuticle ; 
v.p.ep., violet pigment of epidermis, 


Systellaspis debilis is remarkable for the great persistence of the blue-violet 
pigment of the photophores after death and during preservation in formalin. Speci- 
~ mens taken off Bermuda in the summer of 1948 still clearly show the positions of 

the photophores, as do the specimens from the Dana Expedition reported on earlier 

(Dennell, 1940). On the other hand, the blue-violet or purple pigment of the 

photophores of other Decapoda disappears soon after death, although Kemp 

(1910 a) comments on its stability as compared with that of the Euphausid 
~ Thysanopoda acutifrons. 

The distribution of body and photophore pigments of Systellaspis debilis is well 
illustrated by reference to the branchiostegal organs. A vertical frozen section 
through one of these organs (fig. 2) shows that the deep red pigment of the body is 
confined to the cuticle, and is concentrated in the inner region of the calcified zone. 
The superficial region of this zone is merely reddish-amber in colour, and the 
innermost uncalcified zone is colourless. In the neighbourhood of the photophores, 
however, this red pigment is absent, and the violet pigment extends through the 
whole thickness of the cuticle and into the epidermis ventral to the photogenic cells, 
the region previously described as being occupied by a granular deposit (Dennell, 
1940, fig. 30). Dorsally, the photogenic cells are embedded in conspicuous carmine 
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pigment caps, which correspond in position to the nuclei which were designated as 
those of the photophore ‘ reflector ’ (Dennell, 1940, fig. 30). 

A similar distribution of pigment is found in the simpler photophores of the 
body and limbs, the red pigment being limited to the middle layer and the violet 
extending through the whole thickness of the cuticle. The circular patch of violet 
pigment is usually circumscribed by an annular clear zone not apparent in the 
branchiostegal organs. As described by Kemp (1910 a), the abdominal pleura show 
window-like areas devoid of pigment through which the photophores at the bases 
of the pleopods are visible. 

Kemp (1910 a) refers to the fact that the blue-violet pigment of the photophores, 
like that of the cuticle of some Decapoda, turns red on heating or on treatment 
with strong acids, and suggests that this pigment is a lipochromogen which can be 
converted into the lipochrome by denaturation and detachment of its protein moiety. 
The observations summarized in the table are consistent with this view. It is 
noteworthy that the reactions noted here are given not only by the pigment of 
fresh specimens but also by that of specimens which have been stored for a consider- 
able time in formalin. Clearly formalin, although combining with the protein of 
the pigment, does not modify it in such a way as to cause the separation of its 
prosthetic group, or to prevent this separation on subsequent treatment. 


ET 


Troatment Blue pigment of Red pigment of 
photophores cuticle 
Heat Becomes slowly red No change 
HCI conc. Instanlty red No change 
KOH satd. soln. Instantly red No change 
HgCl, satd. soln. Slowly red No change 
Acetone Becomes pink, and Slowly dissolves 
quickly dissolves 
Drying without heat Becomes clear red No change 


The presence of a blue pigment in the photophores of bathypelagic Decapoda is 
remarkable, since in general the body pigment of these animals is a vivid red. The 
presence of a blue astaxanthin-protein complex in the cuticle generally as opposed 
to its localization in photophores seems to be confined to shallow water Decapoda, 
and it is tempting to suggest that the maintenance of the blue astaxanthin-protein 
complex may not be possible at the pressures obtaining at considerable depths. 
But if this is so the persistence in the photophores of a blue pigment, almost certainly 
such an astaxanthin complex, requires explanation. Goodwin & Srisukh (1949) 
have shown that in the lobster and other crustacea esterified astaxanthin occurs 
in the epidermis, whereas in the cuticle the astaxanthin-protein complex is found 
It is striking that in Systellaspis debilis the red pigment (astaxanthin ?) of the body 
is confined to the cuticle, while the violet pigment of the photophores extends 
through the cuticle into the epidermis. Perhaps here also differing astaxanthin 
complexes with differing properties are involved. Further study of this problem will 
be difficult owing to the small size of the photophores and the difficulty of obtaining 
material, but is certainly called for. 


(b) PANDALIDAE, 
Parapandalus richardi. 


Parapandalus richardi was taken on a number of occasions, and twice the organs 
consisting of a number of modified digestive gland tubules were observed to e mit 
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light. The view expressed by Dr. Kemp in his Discovery notes (see Dennell, 1940) 
that these organs are luminous is therefore confirmed. The pigmentation of the 
organs was exactly as described by Dr. Kemp. 

Red pigmented spots on the endopods of the first three pairs of pleopods were 
also suspected by Dr. Kemp to be photophores, but neither these nor three other 
red spots situated anteriorly on the outer wall of the branchiostegite were seen to 
luminesce. The branchiostegal spots are disposed in a triangle, the most ventral 
spot overlying the pigment cap of the anterior liver photophore. Another spot lies 
dorsal to it, and the third is some way behind these. Sections through the branchio- 
stegite reveal structures similar to those corresponding with the pigment spots of the 
endopods (Dennell, 1940, fig. 9). 


3. TH PHOTOPHORES OF SERGESTIDAE. 


Examination of living or freshly caught specimens of Sergestes during the present 
work confirms Dr. Kemp’s observation (see Dennell, 1940) that members of this 
genus fall, according to their pigmentation, either into an ‘all-red’ group, or into a 
‘half-red’ group in which the posterior abdominal somites are colourless. Since 
observations on the pigmentation of bathypelagic Decapoda are not numerous it 
seems desirable to describe more fully this difference in pigmentation, particularly 
since the two groups it defines are further characterized by very pronounced 
differences in the photophores, the ‘ all-red’ group often possessing superficial, or 
dermal, luminous structures, and the ‘ half-red ’ group the modified digestive gland 
tubules known as organs of Pesta. 

The coloration of the ‘all-red’ species of Sergestes arises from the uniform 
distribution over the body of red pigment carried by the cuticle. Species of this 
group therefore resemble many of the bathypelagic Caridea in their pigmentation, 
whereas the ‘half-red’ members are strikingly different. In the latter the red 
colour of the anterior part of the body is not due to a cuticular pigment, but to the 
presence of large, deep-red chromatophores which are particularly numerous antero- 
dorsally on the carapace. It is true that in addition the cuticle of the chromato- 
phore-bearing areas is slightly pigmented, but it is pale compared with the cuticle 
of the ‘all-red’ forms, and alone is insufficient to impart a marked coloration to 
the body. 

Dr. M. D. Burkenroad informs me privately that he considers the marked 
differences in the photophores of the two groups to justify the recognition of the 
genus Sergia to receive those species without organs of Pesta, but often possessing 
superficial photophores, and to retain the genus Sergestes for those species with 
organs of Pesta, with the proviso that it may be desirable to recognize further 
subdivisions. In addition to the differences in the photophores he notes that where 
organs of Pesta are present the ovary seems confined to the cephalothorax, whereas 
in those species lacking organs of Pesta it extends into the pleon. These differences, 
together with the differences in pigmentation noted above, seem fully to justify 
Dr. Burkenroad’s proposal, but pending the appearance of an authoritative statement 
the genus Sergestes will be considered here as divisible merely into the half-red 
species with organs of Pesta, and the all-red species with superficial photophores. 
In the following account the number of the photophores, whether organs of Pesta 
or superficial structures, has not been stated for each species, since it is felt that 
the number of specimens examined does not warrant an expression which might be 
taken. to have specific value. 


(a) SPECIES WITH ORGANS OF PESTA. 


Thirty-one specimens of this group, representing six species, have been examined, 
and in an adult male of Sergestes vigilaz, and an adult female of S. atlanticus the 
organs of Pesta were without any doubt seen to luminesce. These organs are 
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therefore truly photophores as was suspected by Dr. Kemp. The histological 
appearance of the modified tubules of the digestive gland which form the organs 
have already been described (Dennell, 1940), and it is sufficient here to comment 
on the gross appearance and pigmentation of the glands. The description of the 
pigmentation of the organs of S. hanseni may be applied to the organs of Pesta 
of other species. 


Sergestes atlanticus. 


Only two adult females of this species were obtained, and in both the anterior 
and posterior organs were clearly recognized owing to their vivid coloration, In 
one specimen observed in the dark room the organs glowed steadily with a blue 
light faintly tinged with green. 


S. cornutus. 


One adult male of this species was obtained, but the organs of Pesta were not 
observed to luminesce. 


S. vigilax. 
Three adult males and one adult female were observed living, and kept 


at 5° C. survived for 24 to 32 hours. In one adult male the anterior, but not the 
posterior, liver organs were clearly seen to luminesce. 


S. armatus. - 


Although seven adult females and one adult male were taken and survived for 
some time none was observed to luminesce. 


S. hanseni. 


Kight adult males, five adult females, and one juvenile female were taken, but 
none luminesced. In a dissection of an adult male it was clearly seen that the dorsal 
carmine pigment cap so constantly referred to by observers of the pigmentation 
of the organs of Pesta is a dense mass of pigment outside the modified tubules of 
the digestive gland. It extends ventrally some distance between the tubules, so 
that in effect each tubule has its own dorsal cap. The lower parts of the tubules 
not covered by the carmine cap are dark-blue, but soon after death the blue fades 
and the tubules are distinct from the surrounding unmodified mass of the digestive 
gland only by their opaque white appearance. In histological sections the lower 
parts of the modified tubules have a different appearance from the upper (Dennell, 
1940), but no opaque white material, translucent yellow by transmitted light like 
that seen in the photophores of Systellaspis affinis (Dennell, 1940) is visible. 


S. sundi. 


A single specimen of S. sundi, a juvenile female, possessed organs of Pesta with 
characteristic pigmentation, but no luminescence was observed. 


(6) SPECIES witH SUPERFICIAL PHOTOPHORES, 
Sergestes richardi, 


Particular interest is attached to the observation of eleven living specimens of this 
species, comprising adults and juveniles of both sexes, for the dermal photophores 
of two juvenile males and one juvenile female were seen actively luminescing. The 
light emitted was greenish-blue in colour, and each photophore flashed only irregu- 
larly, showing no coordination with those in other parts of the body. 

The photophores of all specimens examined showed in the inactive state as clear 
carmine spots, no blue pigment being definitely observed at any time. In many, the 
carmine pigment was seen to form a dorsal cap over the tissue of the photophore. 
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Fig. 3 shows the positions of the laterally visible photophores of the body of an 
adult male of 6mm. carapace length. It will be seen that the organs are present 
on the antennal scale and on the inner wall of the branchiostegite, where some form 
internal rows. They are numerous on the lateral face of the abdominal somites, 
and notable among these are the obliquely transverse rows in front of the pleopod 
bases. These rows are represented, however, only by a single organ in front of the 
bases of the first pleopods, but between these limbs and the bases of the last thoracic 
limbs a prominent transverse row of more numerous spots is seen in the position 
occupied by the transverse bar-like photophore of the Hoplophoridae, suggesting 
that organs in this position may have some special significance. Ventrally (fig. 4 a) 
this row is even more conspicuous, and other photophores are arranged medially 
and laterally on the thoracic and abdominal somites. No dorsal photophores such 
as have been observed in S. robustus are apparent. Photophores, forming a horizontal 
row of four or five, are found in the roof of the branchial chamber of S. challengeri 
(Hansen, 1903; Kemp, 1910 a) and of 8. regalia (Gordon, 1939). 
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TEXT-FIG. 3. 


The lateral photophores of Sergestes richardi, on (a) the branchiostegite and carapace, (b) the 
abdomen, (c) the antennal scale. Photophores are indicated as black masses. Not to scale. 


The ventral photophores give some indication, with regard to their pattern of 
distribution, of a difference between the sexes (fig. 4 a and b). The two organs borne 
by the petasma are, of course, lacking in the female, but a further difference appears 
to be the lack in the female of photophores lateral to the bases of the thoracic limbs. 
Also it will be seen that the photophores differ in position on the abdominal somites 
and tail fan. Whether these differences will prove to be constant is not evident 

from the small number of specimens examined, but if so they may be of functional 
significance. 


S. robustus. 

As with 9. richardi, active luminescence of the dermal photophores was observed 
in 8. robustus. This took place in three juveniles females taken together in the 
same haul and observed alive. No rhythmic flashing was observed, the photophores 
producing only a steady, dull-greenish glow. | In all twenty specimens (1 adult male, 
2 adult females, 8 juvenile males, and 9 juvenile females) of this species were examined 
alive, but no others were observed to luminesce. In the living animal the photophores 
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showed as orange-carmine spots distributed over the limbs and body, the number 
increasing with the size of the animal. ; 
Dorsal photophores, or at any rate dorsal orange-carmine pigment spots, were 
observed in this species in two large females. A row of six occurs transversely 
along the rear margin of the cephalothorax, and the first five abdominal somites 
bear a posterior marginal spot in the mid-line. The 6th abdominal somite has a 
transverse row of four spots on its posterior margin. In position these recall the 
dorsal photophores of Systellaspis debilis, and it is clear that dorsally placed organs 


are more common than has been supposed. 
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TEXtT-FIG. 4. 

The ventral photophores of Sergestes richardi, (a) in an adult male, (b) in an adult female. Photo- 
phores in solid black, limb bases shown as open circles (mandibles, maxillules, and maxillae 
omitted), 

Text-Fia. 5. 

(a) the ventral photophores of an adult male, (b) of an adult female, of Sergestes robustus, and (c) 

of an adult female of S. grandis. Explanation as in fig, 4. 


As in Sergestes richardi photophores are found in the roof of the branchial chamber, 
where there is present a horizontal row of eight or nine. 

Some indication of a sexual difference in the pattern formed by the photophores 
is seen in the neighbourhood of the last thoracic limb. A comparison of a large male 
of 8 cm. length with a female of the same size shows a distinct difference in this 
region (fig. 5 a & b). Whether this is a constant difference is not yet clear, 


BATHYPELAGIC CRUSTACEA DECAPODA OF THE BERMUDA ARBA 403 


S. grandis. 


Only three specimens of this species were available for examination alive, and 
all were juvenile females. -No luminescence was observed, but carmine pigment 
spots and streaks, presumably luminous organs, were extremely numerous. The 
position of those on the ventral body surface is recorded in fig. 5c, and it is to be 
remarked that the photophore behind the base of each of the last thoracic limbs 
is especially prominent. As in the two foregoing species a row of photophores was 
evident in the roof of the branchial chamber. 

S. japonicus. 

Two juvenile members of this species, one male and one female, have been 
examined. As in those species of Sergestes possessing dermal photophores the body 


is uniformly pigmented red, but no photophores could be detected. Dr. Burkenroad 
informs me that he has been unable to discover photophores in this species. 


S. kroyert. 
A single adult female of this species, also uniformly pigmented red, appeared to 
lack photophores. 


4. Tar FuNncTION oF DECAPOD PHOTOPHORES. 


The observation of luminescence in many of the hitherto presumed photophores 
once more raises speculation on the part played by these structures in the life of 
bathypelagic Decapoda. Kemp (1910a) mentions the possible functions which 
might be subserved by luminous organs, and refers to Doflein’s observation that 
animals with a complicated system of photophores always possess elaborately 
developed eyes. Welsh & Chace (1937), confronted as were earlier investigators 
with the fact that some deep water crustaceans have well-developed eyes while 
others have poorly developed ones, made a study of the eyes of some acanthephyrids 
in which they found that the eyes of Systellaspis debilis and of Hoplophorus grimaldvi 
are larger in proportion to the size of the body than are those of the non-luminous 
species, and speculate on whether luminescence produces sufficient light to account 
for this. They note that the eyes of Hymenodora gracialis are quite degenerate, 
although the reflecting pigment layer is well developed, and Welsh, Chace & Nunne- 
macher (1937) mention this species as a good example of a bathypelagic crustacean 
living below the photic zone and never subjected to light. Later Welsh & Chace 
(1938) came to the conclusion after a study of the eyes of Sergestidae that in this 
family the presence of photophores is correlated with the possession of large and 
well-developed eyes. 

It proves, however, that this is too broad a generalization. The authors them- 
selves remark that if the organs of Pesta do prove to be luminous the proposed 
theory does not hold for Sergestes corniculum, and more than this, as Dr. Burkenroad 
informs me privately, many of the small-eyed species of Sergestes possess these endo- 
dermal organs. Additionally, the organs suggested to be luminous in the large-eyed 
Sergestes tenuiremis seem to be no more than the coagulated contents of the vasa 
deferentia (see Dennell, 1940). And in the Caridea Hymenodora gracilis, which like 
H. glacialis has a degenerate eye, has proved to be luminous. There seems then, 
after all, to be no close correlation between the structure and size of the eye and the 
possession of photophores. 

This conclusion does not support the view that the function of the luminous 
organs in decapod Crustacea involves vision and discrimination on the part of the 
animal, and seems to weaken the attractive suggestion that the photophores 
constitute a pattern of recognition marks facilitating swarming and mating. But 
in spite of this there is some evidence that swarming does actually take place in the 
luminous species. In the course of the present observations little evidence became 
available on the vertical distribution of the species examined, but the report on the 
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bathypelagic Caridea collected by the Bermuda Oceanographic Expeditions (Chace, 
1940) provides suggestive information. In spite of the fact that most of the hauls 
were made during the daytime, and that open nets were used throughout, so that 
as the author says the evidence must be accepted with reserve, the results obtained 
point to the conclusion that in the commonest luminous species, Systellaspis debilis, 
all components of the population, males, females, and young, occur in maximum 
numbers at the same depth. This appears to be true also for Parapandalus richardi 
and Hymenodora gracilis. Insufficient information exists for the species of Hoplo- 
phorus, but Chace records that Gurney (1939) took no less than 45 adult specimens 
of the luminous Leptochela bermudensis in a single net, and suggests that swarming 
occurs in this species. Dr. Lebour informs me privately that she also took numbers 
of Leptochela in a single haul. By contrast species which have not been recorded as 
luminous show no such evidence of swarming, maximum numbers of males, females 
and young occurring at different depths. 
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TEXT-FIG. 6. 


The ratio of egg size (maximum dimension) to carapace length (orbit to rear margin) of some 
luminous and non-luminous bathypelagic Decapoda. 


O Hymenodora gracilis. (_] Hoplophorus grimaldii. 
A Systellaspis debilis. @ Acanthephyra gracilis. 
A Acanthephyra purpurea. HB Notostomus mollis. 


The above considerations suggest that mating may well be facilitated by swarming 
in luminous Caridea, and it is therefore interesting that a further difference connected 
with reproduction appears to exist between the luminous and non-luminous members 
of one family at least. Gurney & Lebour (1941) refer to the fact that ‘‘ the genera 
of the Hoplophoridea fall into two groups, according to the size of the eggs :— Large 
eggs : H oplophorus, Systellaspis, Ephyrina, Hymenodora ; small eggs : Acanthephyra 
Notostomus ”. It is significant that the first group, with large eggs, contains all the 
known luminous members of the family. The following graph (fig. 6), based on 
information taken from Chace (1940) and supplemented by observations on preserved 
specimens taken during the course of these observations, shows the ratio of egg size 
(maximum dimension) to carapace length of some luminous and non-luminous 
aoe a the Rute: It is clear that in relation to body size the eggs are 
rger in the lumino i iti i 

nleitcle rs am eect us species. In addition, they are heavily yolked and 

These observations seem consistent with the view that in the Hoplophoridae at 
any rate light production may be related to swarming and breeding habits. The 
information given by Chace (1940) indicates that both adults and young are involved 
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in swarming and in this connection it is interesting to note that the photophores 
make their appearance early in development. It is likely that the precocious develop- 
ment of adult characters by the larvae, made possible by the abundance of yolk in 
the egg (Gurney & Lebour, 1941), aids in keeping the population together, whereas 
the long series of larval stages characteristic of the non-luminous species with small 
eggs would on the other hand be more likely to allow of wide dispersal in the young. 

In the light of the views adopted here it will be of considerable interest to learn 
whether future observations show the species of Hphyrina to be luminous. 

If the function of luminescence is to act as a stimulus to swarming, then clearly 
the photophores must be capable of being perceived over considerable distances, and 
it seems relevant here to bring together what information is available on the magnitude 
of these distances. No figures are available for the brightness of decapod photophores 
or for the threshold of stimulation of the Decapod eye, but sufficient information 
exists on the brightness of photophores generally and on the sensitivity of the 
arthropod eye to make speculation possible, and in the absence of more specific data, 
justifiable. ; 

Harvey (1940) states that the luminous paint on watch dials has a brightness of 
0-01—0-02 millilamberts, and since in the present observations it was noticed to be of 
the same order of brightness as the luminescence of the species examined this figure 
may perhaps be taken to be representative of their photophores. That it certainly 
is not excessive is shown by comparison with the figures of 0-3 millilamberts for the 
ctenophore Mnemiopsis, 2-16 millilamberts for Cypridina, and 45 millilamberts for the 
firefly Pyrophorus (authorities quoted by Harvey, 1940). Waterman, Nunnemacher, 
Chace & Clarke (1939) refer to a personal communication from Crozier in which the 
minimal light intensity for response by arthropods is stated to be of the order of 
10-*-10~-’ millilamberts. The former figure will be used here. And lastly, Water- 
man, Nunnemacher, Chace & Clarke (1939) quote the extinction coefficient of sea- 
waters of varying clarity, from which it appears that in the clearest water yet known 
blue light may be reduced to one-tenth of its intensity in passing through 230 metres, 
and green light similarly reduced in intensity by passage through 61 metres. For the 
present purpose it is cautiously assumed that the green component of the light emitted 
by the photophores will be reduced to one-tenth intensity by passage through only 
25 metres of water, although the water of the Sargasso sea is almost certainly clearer 

han this. 

: The above figures suggest that the green component of the light of Decapod 
photophores may well be mutually perceived at distances of the order of 100 metres, 
and it remains now to be seen whether this distance is greater or less than that which 
may separate the individual members of the species of photogenic Decapoda. Chace 
(1940) states that one adult of Systellaspis debilis, the most common luminous Decapod _ 
of the Bermuda area, was taken for each 2-1 hours of towing of a metre net at 1 knot, 
a conservative estimate of the speed. Ifthe net were 100 per cent efficient, this would 
indicate that each specimen was taken in approximately 3,000 cubic metres of water, 
or, if the animals were uniformly distributed, that they occurred at intervals of about 
14:5 metres. The figure of one specimen for each 39 hours of towing for the much 
less common Hoplophorus grimaldii would indicate that this species is much more 
widely spaced at intervals of almost 40 metres. Even exaggerated as they are by the 
assumption of 100 per cent efficiency of the net, these distances fall well below those 
over which the photophores might be expected to be visible. But it must be 
remembered that these figures apply only to the optimum levels for these species, 
and that above and below this level the animals will be more widely distributed. On 
the other hand, since the arthropod eye is more sensitive to blue light than to green, 
and blue light penetrates sea-water more readily than green (Waterman, Nunne- 
macher, Chace & Clarke, 1939), the limit of perception of the photophores may well 
be placed at a much higher figure, and will be still further extended if the water is 
clearer or the photophores brighter. 
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It may be suggested, then, that the scanty information which is available is not 
inconsistent with the suggestion that the range over which the photophores may be 
perceived may be sufficient to make them an effective stimulus to swarming. This 
view, it must be remembered, is based chiefly on a consideration of the Hoplophoridae, 
and is not necessarily to be applied to luminous Decapoda in general, although it 
may be remarked that the Pasiphaeid Leptochela bermudensis and the Pandalid 
Parapandalus richardi ave luminous and show evidence of swarming. The eggs of 
Parapandalus, however, cannot be described as large and yolky, and development 
takes place by a long series of larval stages. The fact that luminescence has been 
observed in juvenile Sergestes, and that the photophores appear early in develop- 
ment (Gurney & Lebour, 1940), while rendering inapplicable the tentative view of 
Chace (1940) that luminescence as a mating stimulus may be controlled by the 
ripening of eggs and sperm, supports rather than conflicts with the opinion expressed 
here, in which luminescence is regarded as drawing together the whole species popula- 
tion not for the immediate but for the ultimate purpose of mating. The opinions put 
forward here must clearly be evaluated in the light of further information on the 
occurrence of luminescence in bathypelagic Decapoda and on the vertical distribution 
of these species, and it will be of particular interest to know more of the diurnal 
migrations of luminous species and whether they differ from those of non-luminous 
ones, since the information used here is based only on the results of day towings. 


5. SUMMARY. 


Luminescence has been observed in eight species of Decapod Crustacea, including 
Hymenodora gracilis which has not hitherto been believed to be luminous. Organs 
previously described as photophores only on the basis of their structure have actually 
been seen to emit light. 

As a result of these observations it is possible to reaffirm the suggestion that the 
photophores constitute recognition signals, but it seems likely that response involves 
both young and adult members of the population, so causing swarming with the 
subsequent facilitation of mating. 
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THE POLYCHAETA OF SOUTH AFRICA. PART 3. SEDENTARY SPECIES 
FROM CAPE SHORES AND ESTUARIES. By J. H. Day, Professor of 
Zoology, University of Cape Town. 


(With 8 text-figures.) 
[Read 6 May 1954. ] 


INTRODUCTION. 


While Part 2 of this series dealt with errant species from Cape shores and estuaries, 
the present paper deals with the sedentary forms. - Ninety-four species are recorded 
_ or described ; of these, 20 are new species or varieties and 15 are new records for 
the area. 

The material was collected over the period 1932-1952 during the ecological 
surveys of shores and estuaries carried out by the Zoology Department of the 
University of Cape Town. The work was financed by grants from the Carnegie 
Foundation, the South African Council for Scientific and Industrial Research and 
‘the University of Cape Town. To all these bodies I tender my thanks. I am also 
indebted to the Zoology Department of Rhodes University for some specimens from 
the Eastern Province and to Miss E. B. Albrecht and Mr. R. W. Rand for specimens 
from South West Africa. 

A generous grant from the C.8.I.R. enabled me to work for six months at the 
British Museum, examining the various collections housed there and comparing the 
present material with named specimens from other parts of the world or with the 
types. By courtesy of the Swedish State Museum, the Berlin Museum and the 
U.S. National Museum I was also able to see further types and collections from 
South Africa. This has made it possible to eliminate many incorrect records from 
the South African faunistic list. My work in England was facilitated by the friendly 
assistance of the officers of the British Museum, particularly Mr. Norman Tebble of 
the Annelid Department to whom I offer my sincere thanks. 

During the course of this paper 20 type specimens are reviewed. For ease of 
reference these are listed below. 


Original Name Revised Name 


Nerine cirratulus (Delle Chiaje). 
Indeterminate. 
Stylarioides arenosus (Kinberg). 


Nerine capensis McIntosh, 1925. 

Prionospio capensis McIntosh, 1885. 
Trophonia capensis McIntosh, 1885. 
Heterocirrus caput-esocis St. J. var. capensis 
~~~ Monro, 1930. 

Lipobranchius capensis Willey, 1904. 
Praxilla capensis McIntosh, 1885. 


Heterocirrus capensis Monro. 

Hyboscolex longiseta Schmarda. 

2? Clymene (Praxillella) capensis 
(McIntosh). 

Nicomache lumbricalis (Fabr.) 


Nicomache capensis McIntosh, 1885. 
Polymnia nebulosa (Montagu). 


Polymnia capensis McIntosh, 1925. 


Thelepus setosus var. africana 
» Day, 1951, Thelepus plagiostomus (Schmarda). 


Sabella longa Kinberg, 1867. 
Sabella foliifera Kinberg, 1867. 
Sabella natalensis Kinberg, 1867. 
Sabella nigromaculata Baird, 1864. 
Dasychone bairdii McIntosh, 1885, 


Dasychone loandensis Treadwell, 1943. 


Oridia capensis Monro, 1937. 
Eupomatus spinosus Pixell, 1913. 
Pomatoleios crosslandi Pixell, 1913. 
Placostegus carinferus Gray 

var. kraussti Baird, 1864. 
Protula capensis McIntosh, 1885. 


Sabellastarte longa (Kinberg). 
Dasychone violacea (Schmarda). 
Dasychone natalensis (Kinberg). 


Dasychone nigromaculata (Baird). 
Dasychone nigromaculata (Baird). 


D. nigromaculata var. loandensis 
Treadwell. 

Fabricia capensis (Monro). 

Hydroides dipoma (Schmarda). 

Pomatoleios kraussw (Baird). 


Pomatoletos kraussw (Baird). 
Protula tubularia (Montagu). 
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The list of references given after each species is a selected one. The first is the 
best description that could be found ; the rest show the various names under which 
the species has been recorded from South Africa. 

The present collection comes from many different localities between The Haven 
near the mouth of the Bashee River on the east coast and Luderitzbucht in South- 
west Africa. Many of the place names would not be shown on an ordinary atlas 
and they are therefore shown on the accompanying chart. All the records are from 
the intertidal zone of the sea shore unless the word “estuary ’ is expressly mentioned ; 
thus Storms River, Zout River, Groen River, etc. refer to sea-shore collections. 

The ecology of South African Polychaets will be dealt with later after dredged 
specimens have been described, but it may be mentioned here that four components 
seem to be represented. The first is a southern extension of the Indo—West Pacific 
fauna down the eastern and southern coasts of the Union. This component is well 
represented in Natal but fades out towards Cape Agulhas. The second component 
may be termed an Atlantic component since it includes species which are well known 
in Europe and to some extent in Tropical West Africa and St. Helena. This com- 
ponent is best represented on the southern and western coasts of the Union and 
South-west Africa. The third component has a very wide distribution in various 
parts of the world and for lack of a more detailed analysis may be called * cosmopoli- 
tan’. This group of species seems to be spread fairly evenly round the coasts of 
the Union. The fourth and final component is endemic ; it includes about one-third 
of the recorded species and is best represented on the southern and western coasts. 
There is no antarctic or sub-antarctic component. 

This collection, like the ones described in Parts 1 and 2 of this series (Day, 1951, 
1953), is housed in the Zoology Department of the University of Cape Town and 
forms part of a large marine ecological collection. However, it is realized that 
universities are not the best repositories for type specimens and these will eventually 
be donated to the British Museum. 


ORBINIIDAE. 
NAINEREIS LAEVIGATA (Grube). 


Fauvel, 1927, p. 22, fig. 7 a-l. 
Anthostoma hexaphyllum Schmarda, 1861, p. 61, pl. 27, fig. 2 
Scoloplos (Naidonereis) hexaphyllum Augener, 1918, p. 421. 


Records: Knysna Estuary, Arniston, Cape Agulhas, Hermanus, Kalk Bay, 
Miller’s Point (near Simonstown), Yzerfontein, Langebaan Lagoon, Steenberg’s Cove, 
Lambert’s Bay, Groen River, Luderitzbucht. 

Notes: The specimens from St. James, like those previously recorded by me 
(Day, 1934) reach a length of 150 mm., much larger than those from any other 
locality, but they are otherwise identical with European specimens. 


ORBINIA ANGRAPEQUENSIS (Augener). 

Aricia angrapequensis Augener, 1918, p. 413, pl. 6, fig. 146 ; pl. 7, fig. 225; text-fig. 56. 

Records : Knysna Estuary, Langebaan Lagoon. 

Notes: Hartman has shown that the generic name Aricia is preoccupied. The 
numerous specimens from Langebaan allow me to give a more complete description 
of Augener’s species. There are 18-21 thoracic setigers with gills from the 6th ; 
there are about 12 foot papillae per segment and a maximum of 24 stomach papillae 
extending over setigers 15-21; thoracic neurosetae include three to four rows 
of hooks with transverse serrations followed by a row of crenulate capillaries ; there 
is no sign of hastate setae ; the interramal cirrus is vestigial ; forked setae are rare 
and the inner lobe of the abdominal neuropodium is much longer than the outer. 

Augener’s specimen came from South-west Africa and this is the first record of 
this species from the Cape. : 
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ORBINIA DUBIA, sp.n. (Fig. 1 a-d.) 


Records : Langebaan shore. 

_ Diagnosis : Nineteen thoracic setigers, 1-3 foot papillae, up to 20 stomach papillae, 
intermediate cirrus starting on thorax, no forked setae. 

Description : The single type specimen was found in fine white sand at neap low 
tide. It is 32mm. long by 1-5mm. wide and has 94 segments but is not quite 
complete posteriorly. 

The conical prostomium lacks eyes and the proboscis is not protruded. The 
obviously flattened thorax includes 19 setigers with gills from the 13th. Thoracic 
notopodia (fig. 1a@) consist of a bundle of crenulate capillaries behind which is a 
digitiform dorsal cirrus first evident on setiger 2. The neuropodium, which is well 
separated from the notopodium, is a ridge bearing three rows of hooks and a posterior 
row of crenulate capillaries. The hooks (fig. 1c) have winged and serrate tips bent 
at about 45° to the shaft. Anterior feet have only a single foot papilla, but on the 
I4th there are two, on the 17th three, and on the last two thoracic feet again two. 
Two stomach papillae appear on setiger 15, there are five on each side of the midventral 
line on the 17th and a continuous row of 20 across the ventral surface on the 19th. 
This arrangement persists onto the third abdominal segment (setiger 22) but 
thereafter the papillae become restricted to the sides and decrease in number. The 
last one is just below the ventral cirrus of setiger 32. 

Abdominal segments are rounded in section and have a large tapered gill on 
either side of the mid-dorsal line. The feet change in structure along the length 
of the abdomen, anterior ones having a large intermediate cirrus and stomach 
papillae while posterior ones have only a minute intermediate cirrus and no stomach 
papillae. An average foot (fig. 1d) has a notopodium with a bundle of normal 
crenulate capillaries behind which is a rather small leaf-like dorsal cirrus. No 
forked setae were found. Next-comes the intermediate cirrus. This first appears 
on the thorax on setiger 17. On anterior abdominal segments it is pointed and as 
long as the neuropodial lobes; over most of the abdomen it is shorter and on 
posterior segments it is a minute papilla one-third the length of the neuropodium. 
The neuropodium itself lacks a ventral cirrus but has two subequal lobes bearing 
two or three capillaries. These are rather stouter than those of the dorsal bundle 
and in posterior segments they do not taper evenly, but suddenly narrow to very 
fine tips (see fig. 1b). The acicula end in the same way. : 

This species is superficially like O. angrapequensis but has very few foot papillae, 
the gills start later, there is a well-developed intermediate cirrus but no forked 
setae. Scoloplos armiger shows many resemblances but has poorly developed stomach 
papillae and no intermediate cirrus. 


ORBINIA FOETIDA (Clap.) var. LINGUSTICA Orlandi. 


Aricia foetida var. lingustica Fauvel, 1927, p. 14, fig. 4 a-l. 

Records : Arniston, Miller’s Point (near Simonstown), Langebaan Lagoon. 

Notes : This is a new record for South Africa and the material has been checked 
against a specimen from Naples. In life the characteristic musty smell is very 
strong. There are 23-25 thoracic setigers with-gills from the 7th. Hastate setae 
are present on posterior thoracic feet. Fauvel (1919) reported Aricia foetida var. 
australis from Madagascar with 36-39 thoracic setigers. 


ORBINIA MONROI, sp. n. (Fig. 1 e-h.) 


Records : Knysna Estuary. : 
Diagnosis : Fifty thoracic setigers with gills from the 5th; no hastate setae ; 


thoracic hooks not serrated ; a well-developed intermediate cirrus, 
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Description: The holotype was obtained from sandy mud in Knysna Estuary. 
It is an anterior fragment 80 mm. long with 160 segments and is 3 mm. wide across 
the thorax. The complete worm might measure 100 mm. 

The prostomium is conical and the protruded proboscis has a rosette of delicate 

lobes. No eyes were seen. The well-flattened thorax consists of 50 segments each 
of which is about five times as broad as long. Tapered branchiae start on the 5th 
setiger and gradually increase in size. The digitiform dorsal cirri are equal to the 
. anterior branchiae but do not increase posteriorly. Thoracic notosetae consist of 
a bundle of the usual crenulate capillaries. 
_ The neuropodium (fig. 1 e) is a vertical ridge with a row of foot papillae behind 
it. These latter become more numerous posteriorly ; thus there is one on the first 
setiger, three on the 6th, five on the 8th, seven on the 14th and 11 on the 
25th. Two stomach papillae appear on the 36th setiger, there are 12 on the 40th 
and then the lateral rows increase and meet on the mid-ventral line, forming a 
continuous row of about 30 across the ventral surface. From setiger 54 onwards 
there is a progressive reduction so that’ on setiger 58 there are only three to four 
below the neuropodia and the last one occurs on setiger 66. 

Thoraci¢ neurosetae consist of four to five rows of hooks and a posterior row of 
crenulate capillaries. The hooks (fig. 1g) are winged and boldly bent but not serrated. 
_ The capillaries are most numerous in the inferior part of anterior feet and the 
Superior part of posterior feet, but in the middle of the thorax they appear to be 
absent. There are no hastate setae. 

The abdomen is nearly rounded in section and bears a pair of large, tapered and 
somewhat flattened branchiae on either side of the mid-dorsal line. The notopodium 
(fig. 1 h) consists of a dorsal cirrus with a narrow base and a chopper-like blade. It 
is supported by about three acicula and bears a bundle of long crenulate capillaries. 
Forked setae (fig. 1 f) were found only in posterior parapodia. They have feathered 
prongs and a shaft which is weakly serrate on one side; the intermediate cirrus 
is well developed but shorter than the neuropodium. The latter is a small bilobed 
structure arising from the truncate end of a dorso-lateral projection the outer angle 
of which is the ventral cirrus. The neuropodium contains an aciculum and bears 
a few fine crenulate capillaries. 

This species was first thought to be merely a variety of O. latreillii, but it differs 
not only in the larger number of thoracic segments, but also in the smaller number 
of foot papillae, the larger gill and the fact that while the thoracic hooks are not 
serrate, the shafts of the forked setae are. O. bioretv also has a large number of 
thoracic segments and smooth thoracic hooks, but it lacks forked setae and has a 
minute intermediate cirrus. 


SCOLOPLOS JOHNSTONE! Day. 


Day, 1934, p. 58, fig. 11 a-e. 
Records: Strandfontein (False Bay), Langebaan Lagoon, Lambert’s Bay. 


Taxp-rie. 1. 


Orbinia dubia, sp. n. 
(a) Anterior view of 15th setiger ; (6) tip of abdominal neuroseta ; (¢) thoracic hook ; (d) foot from 
middle of adbomen. 
Orbinia monroi, sp. n. 
(e) anterior view of 35th foot ; (f) forked seta ; (g) thoracic hook ; (h) abdominal foot. 


Nerine cirratulus (Delle Chiaje). 
(7) posterior foot. 
Polydora capensis, sp. n. 
(k) head and anterior segments ; (/) thoracic notoseta ; (7m) hook from 5th setiger ; (n) hook from 
12th neuropodium ; (0) hook from 70th neuropodium ; (p) hook from 80th neuropodium ; 
(q) spine from posterior notopodium ; (7) posterior notopodial capillary ; (s) 12th foot. 
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ScoLOPLOS sp. 


Records : Lambert’s Bay. : 

Notes: An anterior fragment of another species of Scoloplos rather like S. armager 
was found at Lambert’s Bay. The thorax which is not very flat, consists of 24 
setigers with branchiae from the 23rd. The unusual feature is that the first 
discernable dorsal cirrus is on the 20th setiger, earlier notopodia having merely a 
bundle of crenulate capillaries. The thoracic neuropodia are in the form of transverse 
ridges for the first 19 feet but from the 20th a single large median foot papilla appears. 
There are no stomach papillae. Neuropodial setae include three rows of hooks 
and a posterior row of crenulate capillaries. The hooks are winged and boldly bent 
but are quite smooth and without any trace of transverse serrations. 

Abdominal segments are almost rounded in section with a pair of stout gills 
near the mid-dorsal line. The notopodia each have a well developed cirrus and a 
bundle of long crenulate capillaries. There is no intermediate cirrus. Neuropodia 
have two equal lobes and bear a few fine capillaries. 

This species differs from S. armiger in having more thoracic segments, the gills 
starting further back, no dorsal cirri in anterior segments and smooth hooks. S. 
madagascariensis Fauvel recorded from Natal by Day (1951), has about the same 
number of thoracic segments but dorsal cirri throughout and straight wingless neuro- 
podial hooks. The S. kerguelensis McIntosh which Fauvel (1932) described from 
India also shows certain resemblances but it lacks true thoracic hooks. 

The species of Scoloplos are very variable and more material is required before a 
specific name is given to this specimen. 


SPIONIDAE. 


NERINE CIRRATULUS (Delle Chiaje). (Fig. 1.) 

Fauvel, 1927, p. 36, fig. 11 g-n. 

Nerine capensis n.s. an var. N. cirratulus McIntosh, 1925, p. 71. 

7 Records: Zwartkops Estuary, Muizenberg, Table Bay, Milnerton Estuary, Berg 
stuary. 

Notes: McIntosh’s type is identical with the above material, and all South 
African specimens show only slight differences from Europeans J. cirratulus. ‘The 
prostomium has four to six eyes in a transverse line and an occipital ridge which 
extends back to the Ist or 2nd setiger. In the anterior region the dorsal lamella is 
fused to the branchia so that only the tip of the branchia is free. Both dorsal 
lamella and branchia continue almost to the pygidium. In these posterior segments 
(fig. 17) the dorsal lamella is shorter and broader but remains attached to the gill 
for a third of its length ; moreover a ventral tongue-like projection of the dorsal 
lamella extends downward towards the produced upper edge of the ventral lamella. 
Hooks first appear in the notopodium of the 60th foot but their number never exceeds 
one to two ; ventral hooks appear in the neuropodium of the 35th foot and soon 
increase to a maximum of 12. All hooks are bidentate with the secondary tocth 
much stouter than the terminal one. The pygidium bears a small, smooth, trans- 
versely ovoid button below the anus. 

Fauvel (1936) has suggested that McIntosh’s N. capensis is synonymous with 
Verrill’s N. agilis, but this cannot be because dorsal hooks are completely absent in 
the latter species. 


AONIDES OXYCEPHALA (Sars). 


Fauvel, 1927, p. 39, fig. 13 a-e. 
Records : Knysna Estuary. 
Notes; This material has been checked against European specimens, 
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SPIO MAGNUS, sp.n. (Fig. 2 a-y.) 

Records : Simonstown. 

Diagnosis : A large species with a conical prostomium and unidentate neuropodial 
hooks starting on the 44th setiger. 

Description : The type material consists of two fragmentary specimens. The 
largest anterior fragment is 70 mm. long, 4-5 mm. wide at the 20th segment and has 
105 segments. Other fragments show that the body is evenly tapered and if complete 
might measure 110mm. with 150 segments. The colour in spirit is creamy white 
with conspicuous orange-tipped setae. The specimens collected on 23 September 
1953 contained ripe sperm and eggs. 

_ The prostomium (fig. 2a) is fusiform, having a bluntly pointed anterior end 
without any sign of a notch and a tapering posterior lobe which reaches back to the 
Ist setiger. Below the prostomium the buccal segment broadens out so that the 
whole head is a blunt cone. There are well-marked nuchal slits on either side of the 
prostomium but no sign of eyes. The large palps fell off during preservation. 

Branchiae start on the first foot which is essentially similar to the succeeding 
ones but somewhat smaller. Each anterior foot (fig. 2 6) consists of two compressed 
lobes each bearing a fan of setae. The notopodium has a low ridge-like presetal 
lobe and a smoothly ovate post-setal lamella which is continued dorsally as the 
outer frilled margin of the gill. In these anterior segments the gill is completely 
united to the dorsal lamella. The neuropodium which is separated from the notopo- 
eae a deep notch, has a similar presetal lobe and a smoothly rounded postsetal 

amella. 

There are gradual changes in the structure of the feet along the length of the 
body. In the notopodium the presetal lobe slowly increases in size until, in posterior 
segments (fig. 2c) it becomes a triangular lamella. The postsetal lamella expands 
and in posterior segments becomes detached from the gill, so that eventually these 
two structures are only fused for half their length. Moreover the lower part of the 
postsetal lamella is produced downwards until it overlaps the enlarged postsetal 
lamella of the neuropodium. In the neuropodium the presetal lamella remains 
unchanged, but the postsetal lamella develops a superior tongue-like projection. 
The anus is terminal and no anal cirri were found. 

In general the notosetae are winged capillaries throughout but the neurosetae 
change from winged capillaries in anterior segments to unidentate hooks in posterior 
ones. The notosetae are of three forms. There is a superior group of about five 
with long narrow blades (fig. 2 e) and below this two vertical series or fans. The 
anterior series have broad orange blades (fig. 2d) which are often broken ; the 
posterior series are of the same length but have fine blades with well-preserved tips. 
There are four types of neurosetae. In anterior segments the arrangement is 
similar to the notosetae with a special inferior group of capillaries which become 
long and sabre-like (fig. 2,f) from the 14th segment onwards and above this two fans 
or vertical series. At first the two fans are exactly like those of the notopodium, 
- but from the 44th segment the anterior series is replaced by eight to ten winged and 
unidentate hooks (fig. 2g) and the posterior series of capillaries become very fine 
“and difficult to see. Strangely enough the hooks have orange tips like the anterior 
series of broad-bladed capillaries in the notopodium. The posterior neurosetae 
may be described as an anterior fan of hooks, a posterior fan of small fine capillaries 
and one or two inferior sabre-like forms. ; 

Most species of the genus Spio are small (ca. 20 mm.), have a bilobed prostomium 
and bidentate hooks from the 9th or 15th segment. This South African form seems 
to be quite distinct and has a superficial resemblance to a NV; ermine. 


Spro Friuicornis (O. F. Muller). 
Fauvel, 1927p. 43, fig. 15 a-g. 
Records: Langebaan shore. 
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Notes: ‘This is a new record for South Africa, but the specimens agree perfectly 
with Fauvel’s description. They were found just below the surface of fine sand at 
neap low water at Langebaan village in enormous numbers. ‘The average length is 
10mm. by 08mm. and there are about 50 segments. Bidentate ventral hooks 
start from the 11th setiger and there are four small eye-spots. 


PRIONOSPIO SEXOCULATA Augener. 

Augener, 1918, p. 405, pl. 6, figs. 159, 172; text-fig. 52. 

? P. aucklandica Augener, 1923, p. 69, fig. 24; Augener, 1926, p. sss mated ah 

Records : Bushman’s Estuary, Knysna Estuary, Hermanus Estuary, Milnerton 
Estuary, Langebaan Lagoon. 

Noies : It is with some hesitation that these specimens are referred to P. sexoculata 
described from South-west Africa. Augener states that the gills start on the Ist 
setiger whereas in the present specimens gills always start on the 2nd. However, 
the Ist setiger is very small and may well have been overlooked. Apart from this 
point the material agrees very well with Augener’s description. 

The head has a pair of lateral folds but these are not expanded into wings as 
they are in P. pinnata. There are usually three pairs of eye-spots but fusion may 
reduce the number to two pairs or even a single large pair. There are usually two 
pairs of pennate gills, but occasionally there is a third pair and in the specimens 
from Hermanus Estuary there are usually four pairs, all pennate. The Ist pair 
always occurs on setiger 2 and are always the largest. Dorsal lamellae are ear-shaped 
and the largest are on setigers 3, 4 and 5. There is no dorsal membraneous ridge 
across setiger 7 as in P. malmgreni but in the largest specimen (from Bushman’s 
Estuary) there were indistinct ridges across setigers 25-35. These were not seen on 
the smaller and less well-preserved specimens from other localities. In all specimens 
ventral hooks first appear on setigers 14-15. 

Augener’s descriptions of P. aucklandica may refer to the same species since 
here again there is a broad head and*two to four pairs of pennate gills. But he 
states that hooks start on setiger 19 and mentions only a single pair of eyes. McIntosh 
(1885) recorded P. capensis from 98 fathoms off the Cape and mentions four pairs of 
gills starting on the Ist foot and hooks from the 10th. There is no note as to whether 
the gills are pennate or not and the type material now in the British Museum 
consists merely of fragments lacking both head and gills. McIntosh’s description 
alone is insufficient for diagnosis. 


PRIONOSPIO sp. 

Records : Langebaan shore. 

Notes: Asingle specimen measuring 12 mm. with 55 segments was collected with 
Spio filicornis from sand at neap low water. The head is rounded in front without 
lateral folds. There are two pairs of eyes. Gills start on setiger 2 and there are 
four pairs of which only the last is pennate. The dorsal Jamellae of anterior segments 
are erect and pointed ; the largest occur on segments 6, 7 and 8. Ventral hooks 
start on the 20th foot. An unusual feature is that from the 13th to 25th setigers 
the dorsal lamella broadens and becomes attached to the dorsal surface ; by the 
18th setiger it has fused with its fellow and forms a ridge across the dorsa] surface. 
This condition persists until the 21st setiger, but from the 22nd to 25th there is a 
wider and wider gap and from the 26th the dorsal lamellae are normal once more. 

Species of Prionospio are so variable that more material is required before this is 
described as a new species. 


BoccAaRDIA POLYBRANCHIA (Haswell). 
Polydora (Boccardia) polybranchia Fauvel, 1927, p. 58, fig. 20 a-7. 
Records: Kast London, Robberg, Still Bay, Cape Infanta, Breede Estuary, 
Yzerfontein. 
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Notes : Augener (1918) has recorded this species from shallow dredgings in 
Luderitzbucht. 


BoccaRDIA near LIGERICA Ferroniere. 

Records: Berg Estuary. 

Notes : A few battered specimens of a Boccardia close to B. ligerica were obtained 
from waters of low salinity in the Berg River. The prostomium is notched and the 
prostomial ridge extends back to the 2nd setiger. There are four eyes in a rectangle. 
Palps are missing. The Ist setiger has both notopodial and neuropodial capillaries. 
Gills are present on setigers 2, 3, 4, 6 and succeeding segments to the 20th in small 
specimens and to the 30th in a large one. The six enlarged setae of the 5th setiger 
are simple blunt hooks without the shelf and brush of B. polybranchia ; behind these 
enlarged setae is a row of fine setae with abruptly tapered tips. There are no 
specialized notosetae in posterior segments. Neuropodial hooks appear in the 
7th setiger. They are hooded and bidentate throughout and the inferior tooth ig 
much the larger. There is a pair of glandular cushions below the anus. 

The above description does not agree too well with that given by Fauvel (1927) 
for either Polydora (Boccardia) ligerica or P. (Boccardia) redeki. In particular both 
of these lack notosetae on the Ist setiger. It is possible that the present specimens 
bear the same relations to Boccardia natrix (Soderstrom) as B. ligerica does to 
B. polybranchia. However, estuarine animals are notoriously variable and better 
material is required before the South African form be declared a separate species. 


POLYDORA GIARDI Mesnil. 
auvel, 1927, p. 50, fig. 17 h—-m. 
Records : Kast London, Strandfontein (False Bay). 


Notes: This is a new record for South Africa. The specimens agree perfectly 
with Fauvel’s description. 


PoLYDORA HOPLURA Claparede. 
Fauvel, 1927, p. 50, fig. 17 a-g. 
Records: Storms River, Langebaan Lagoon. 


Notes: This is a new record for South Africa but agrees well with Fauvel’s 
description. The Langebaan specimens have speckled tentacles and darkened heads. 


PoOLYDORA ANTENNATA Claparede. 


Fauvel, 1927, p. 56, fig. 19 im. 

Records: Strandfontein (False Bay). 

Notes: One rather battered specimen of what may prove to be a separate variety 
of P. antennata was obtained. The prostomium is deeply cleft, there are four eyes, 
the Ist foot lacks notopodial capillaries. Neuropodial hooks start on the 8th foot, 
gills extend from the 7th to the 23rd foot and posterior notopodia lack specialized 
setae. These characters agree with those of P. antennata. But the enlarged special 
setae of the 5th foot, though arranged in the characteristic horseshoe-shaped double 
row, are unusual inform. None were pointed as illustrated by Fauvel (1927, fig. 19 by. 
Here the excavation of the tip seems to have progressed so far that the pointed tip 
has gone entirely and only the sides remain as subequal prongs. These setae however 
are very variable and more material must be studied before it is named as a separate 
variety. 

This is a new record for South Africa. 
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PoLYDORA CAPENSIS, sp. n. (Fig. 1 k-s.) 


Records: Qolora, Jeffrey’s Bay, ?Storms River, Mossel Bay, Cape Infanta, Cape 
Agulhas, Hermanus, St. James, Paternoster. ; 

Diagnosis: Ventral hooks winged and bidentate anteriorly but unidentate and 
wingless posteriorly ; posterior notosetae include two to three straight, stout needles. 

Description: The type material comes from Simonstown. Several specimens were 
obtained by breaking up the shell of a living T’wrbo sarmaticus from spring low-water 
mark and extracting the worms from their burrows. The holotype is 20 mm. long. 
0-6 mm. broad and has 96 segments. In life the gills and dorsal blood vessel are 
bright red and the body transparent anteriorly, but changing to greenish yellow 
posteriorly ; in spirit the body is yellowish white and parts of the head are tinged 
with brown. 

The prostomium (fig. 1 £) is rounded in front, and is followed by a median keel 
on the first three segments. The buccal segment forms a pair of broad lobes on 
either side of the prostomium, so that the whole head is as broad as it is long. The 
holotype which is larger than most, lacks eyes, but smaller specimens may have 
one or two pairs of rounded eye-spots. The stout palps extend back to the 10th 
setiger. 

The Ist setiger is smaller than the succeeding ones but possesses a few fine 
notopodial capillaries, a papilliform dorsal lamella, an inconspicuous ventral lamella 
and a fan of neuropodial capillaries. The 2nd to 4th setigers are similar in structure 
but better developed. The 5th setiger is almost twice the length of the adjacent 
ones, lacks a notopodium and has a large neuropodium in which there are a few 
small spear-shaped setae and an oblique row of five enlarged special setae. These 
are quite plain blunt hooks (fig. 1 m). 

Gills start on the 7th setiger and extend to the 37th. Neuropodial hooks replace 
winged capillaries from the 7th setiger onwards. A typical anterior foot (the 12th) 
is shown in fig. 1s. There is a curved finger-like gill which reaches the mid-dorsal 
line, a bundle of winged notopodial capillaries with blades of varying length (fig. 1 /) 
a small papilliform dorsal lamella, and an inconspicuous neuropodium with a fan of 
five winged and bidentate hooks (fig. 1). In the posterior part of the body the 
gills are of course absent and the notopodium and neuropodium rudimentary. But 
there is a change in the setae. The notopodial capillaries decrease in number and 
become more slender (fig. 1 7) and are accompanied by three straight pointed spines 
(fig. 1 g) about twice the thickness of the capillaries. The neuropodial hooks decrease 
in number to three, the wings become reduced and the apical tooth as well. This 
intermediate condition is shown in fig. lo. Finally on the last few segments the 
wings and the apical tooth are completely lost and the hooks become unidentate 
and wingless (fig. 1p) and thus resemble the dorsal spines. The segments just 
before the pygidium are narrowed and rudimentary and the pygidium itself has a 
dorsal anus and two cushion-like glandular cirri. 

Polydora citrona Hartman, 1941, also has unidentate neuropodial hooks in posterior 


segments, but here the wings are retained, moreover there are no specialized 
notosetae, 


MAGELONIDAE. 


MAGELONA PAPILLICORNIS Muller. 
Fauvel, 1927, p. 64, fig. 22 a—-k. 
Records : Knysna Estuary, Zwartkops Estuary. 
Notes : This is a new record for South Africa and has been checked as identical 
with specimens from Plymouth. It was noted that enlarged lateral lamellae form 


pockets at irregular intervals along the abdomen and may help to irrigate the animal 
in its burrow. 
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a Ehlers (1908) reported M. cincta from dredgings off Port Elizabeth. D. P. 

ilson has recently informed me that he has obtained the same species in dredgings 

a ae and that his specimens also have the distinctive red band which Ehlers 
orted. 


PARAONIDAE. 


PARAONIS LYRA (Southern) var. CAPENSIS nov. 

Records: Knysna Estuary. 

Description : Several specimens were obtained from the surface of sandy mud near 
the low-tide mark. The average length is 10-12 mm. for 70 segments and the 
maximum breadth is 0-2mm. The body is white in spirit. The prostomium is 
conical and without an anterior palpode or dorsal antenna. No eyes were seen 
but a pair of nuchal slits were evident. The buccal cavity is everted but is not lobed. 

The body is rounded in section. Cirriform gills are present from the 4th to the 
14th or 17th setiger. Dorsal cirri are first seen as minute papillae on the 8th setiger 
but gradually increase in size and on posterior segments they are prominent digitiform 
organs. There are no ventral cirri. Anterior parapodia have about eight very fine 
capillaries in each ramus, and from the last few branchiferous segments onwards, 
the notopodia have very small forked setae as well. The prongs of the fork are 
tapered and serrated on their inner sides. 

The arrangement of the dorsal cirri of this Cape form differs from that of the 
European species described by Southern (1914, p. 94). In the latter the dorsal cirri 
are large organs beginning on the Ist setiger. No species of this genus has been 
described from Southern Africa before. 


CIRRATULIDAE. 


CIRRATULUS CHRYSODERMA Claparede. 

Fauvel, 1927, p. 95. 

Records: Still Bay, Arniston, Cape Agulhas, Danger Point, Cape Hangklip, 
St. James, Miller’s Point (near Simonstown), Oudekraal, Langebaan Lagoon, 
Buffels River. 

Notes: This is a new record for South Africa but the material agrees well with 
Fauvel’s description. The prostomium is rounded and depressed ; the matted, 
greenish brown tentacles arise between the 4th and 6th setiger ; gills seldom continue 
beyond the middle of the body and acicular hooks are absent. 


AUDOUINIA TENTACULATA (Montagu). 

Fauvel, 1927, p. 91, fig. 32 a-g; Day, 1951, p. 47 with synonymy. 

Cirratulus atrocollaris (?Grube) Willey, 1904, p. 265. 

Records: Richmond, Knysna Estuary, Danger Point, Oudekraal, Langebaan 
Lagoon, Lambert’s Bay, Zout River, Groen River, Buffels River, Port Nolloth. 

Notes: I have examined Willey’s specimen of C. atrocollaris from Knysna Estuary 
and compared it with my own material of A. tentaculata from the same locality. 
They are identical. As stated earlier (Day, 1951) the specimens described by Fauvel 
(1932) under the name of Audowinia anchylochaeta should be referred to A. tentacu- 
lata: as shown below, Schmarda’s Cirratulus anchylochaetus is probably A. filigera. 

Schmarda’s original description of C. anchylochaetus from New Zealand is 
incomplete. Augener (1914, p. 53) found that Schmarda’s type was in too poor a 
condition to describe. The description of Timarete anchylochaeta from New Zealand 
given by Ehlers (1904) fits A. filigera and a specimen later identified by Ehlers as 
7’. anchylochaeta and now in the British Museum has tentacles on setigers 5 to 7, a 
rounded and depressed prostomium, yellow gills from the Ist setiger and the gills 
in the middle of the body arise further above the notopodial setae than the distance 
~ between notopodium and neuropodium. It is in fact a typical A. filigera. 
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AUDOUINIA AUSTRALIS (Stimpson). 
Cirratulus australis Stimpson, 1856, p. 391. ‘ 
Cirratulus capensis Schmarda, 1861, p. 56, pl. 27, fig. 213. 
Otirratulus cirratus (non Muller) McIntosh, 1905, P- 154. 
Audouinia filigera var. capensis Monro, 1930, p. 154. 


Records: The Haven, Qolora, East London, Kleinmond, Port Alfred, Port 
Elizabeth, Jeffrey’s Bay, Storms River, Mossel Bay, Still Bay, Arniston, Cape 
Agulhas, Hermanus, St. James, Oudekraal, Yzerfontein, Langebaan Lagoon, Steen- 
berg’s Cove, Lambert’s Bay, Zout River, Groen River, Hondeklip Bay, Buffels 
River, Port Nolloth, Luderitzbucht. 

Notes : A. australis is very closely related to A. filigera in that the prostomium 
is rounded and depressed and the stout yellow gills in the middle of the body arise 
further above the notopodium than the distance between the notopodium and 
neuropodium. But, as shown by Monro (1930), the tentacles of the South African 
form arise between the 3rd and 4th setiger instead of between the 5th and 6th. The 
examination of many specimens from the above localities has shown that this is a 
constant character. The true A. filigera has never been recorded from South Africa 
and A. australis has never been recorded outside the area. It is felt that this 
endemic form should be regarded as a separate species. 

Stimpson’s type has been lost, but his description though brief is adequate, 
and extensive collecting in the type locality (False Bay) has not revealed any other 
Cirratulid with which it could be confused. Schmarda’s name must therefore be 
regarded as a synonym. 


HETEROCIRRUS CAPENSIS Monro. 

Heterocirrus caput-esocis St. Joseph var. capensis Monro, 1930, p. 156, fig. 61. 

Records : Mossel Bay, Kommetje. 

Notes : As shown by Monro this form may be distinguished from H. caput-esocis 
by the broader prostomium, the large eyes which are in the form of transverse 
bars instead of rounded spots, and the later appearance of the hooks. I have 
examined the type and feel that these differences are worthy of specific rank. 


CIRRATULUS CIRRATUS Muller. 

Fauvel, 1927, p. 94, fig. 35 a-g. 

Records : Port Nolloth. 

Notes: A single specimen from Port Nolloth is referred to this species with some 
hesitation. It has four tentacles on the Ist setiger and gills on all setigers from the 
first to the posterior end. The gills arise well above the notopodium. ‘There are 
three to four hooks as well as capillaries in both rami of the parapodia. 

Cirratulus afer, described by Ehlers (1908), was based on small specimens of 
14 and 18mm. This species also has tentacles on the Ist setiger, but hooks only 
appear on the 39th setiger. C. afer may well be a juvenile C. cirratus. The C. afer 
described by Monro (1930, p. 156) from dredgings off the Congo was examined in 
the British Museum. It is an unusual form with four to five branchial filaments 
arising just above the notopodium of each foot. I know of no species of Cirratulid 
with more than one gill filament per foot and feel that this species should be referred 
to a separate genus. It is definitely not C. afer. 


DODECACERIA PULCHRA, sp. n. (Fig. 2 h-m.) 

D, fistulicola (non Ehlers) Monro, 1937, p. 366. 

Records: Qolora, East London, Kleinmond, Port Alfred, Port Elizabeth, 
Hermanus, St. James, Paternoster, Steenberg’s Cove, Lambert’s Bay, Zout River, 
Hondeklip Bay, Port Nolloth. 

Diagnosis : Four pairs of gills from the 3rd metastomial ring to the 3rd setiger ; 
capillaries absent from both rami of the parapodia for a few segments in the middle 
of the body, and completely absent from posterior neuropodia. 
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TExT-Ere. 2. 


Spio magnus, sp. N. 


(a) head and anterior segments ; (6) anterior foot ; (c) posterior foot ; (d) broad-bladed thoracic 
capillary ; (e) superior narrow-bladed thoracic capillary ; (f) sabre-like inferior neuropodial 
capillary ; (g) neuropodial hook from 60th setiger. 


Dodecaceria pulchra, sp. n. 


(h) head and anterior segments ; (J, &) front and side views of spoon-shaped-hooks ; (/) posterior 
hooks; (m) saw-edged capillary. 
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Description: The type specimen comes from St. James. It is 22 mm. long with 

2 segments and the average breadth is 1-0 mm. It is oval in cross section and 

dark brown or black at the ends but a little paler in the middle of the body. The 
worms are gregarious and burrow in encrusting Lithothamnia in. low-tide pools. 

The head (fig. 2%) is long and cylindrical and no eyes could be distinguished 
against the dark background. The segmentation of the head region is not clear, 
but on what corresponds to the 3rd metastomial ring there are a pair of stout, grooved 
palps and between them, close to the mid-dorsal line are the first pair of branchial 
filaments. The second, third and fourth pairs of branchiae arise on setigers 1 to 3 
and are progressively more lateral in position, so that the whole group forms an 
inverted V. Occasionally there is a fifth pair of gills on the 4th setiger. 

Saw-edged capillaries (fig. 2 m) are present in the notopodia of the first 12 to 14 
setigers and the neuropodia of the first 10 to 12 setigers for example on the 8th there 
are ten dorsally and six ventrally. Capillaries are entirely absent from both 
notopodia and neuropodia of four to ten segments behind the 12th or 14th 
setiger. In the posterior part of the body two to four are present in the notopodia 
but there are none in the neuropodia. Hooks are first seen in the notopodia of the 
11th or 12th setiger and the neuropodia of the 9th or 10th setiger. The hooks are 
stout and have the usual spoon-shaped ends. In the 20th setiger there are four to six 
dorsally and two to four ventrally ; in posterior segments the hooks develop a blunt 
basal spur and there is usually one dorsally and two ventrally. 

Ehlers (1901, p. 186) describes D. fistulicola from South America. He states 
that on the anterior margin of the Ist setiger there is a transverse row of ten filaments 
which he calls gills, so presumably the palps had been lost. This arrangement of 
gills is quite different from what occurs in South African material. Okuda (1937, 
p- 298) describes D. fistulicola from the South Pacific Islands with six pairs of gills, 
and from his fig. 42 it would appear that these correspond to the first six setigers. 
Okuda’s specimen, like the South African ones, lacked capillaries in the middle of 
the body, but differs in that capillaries reappear in posterior neuropodia. 

D. pulchra also resembles D. concharum, and a specimen of the latter from 
Cherbourg was examined in the British Museum. The most obvious difference is 
that the gills of D. concharum are lateral throughout and the first pairs do not 
approach one another on the dorsal surface. Again the capillaries, though reduced 
after the 8th setiger and even absent from a few of the succeeding neuropodia, are 
present in both rami towards the end of the body. Finally the hooks are blunter 
and less obviously excavated and the posterior ones do not develop a spur. 

Augener (1918, p. 468) describes D. afra from shallow dredgings in Luderitzbucht. 
It differs from D. pulchra in having 10-14 pairs of gill filaments and uni- and bidentate 
hooks instead of spoon-shaped ones. 


CHAETOPTERIDAE. 


CHAETOPTERUS VARIEOPEDATUS (Renier). 
Fauvel, 1927, p. 77, fig. 26 a—n. 
_ Chaetopterus capensis Stimpson, 1856, p. 391. 
Chaetopterus hamatus Schmarda, 1861, p. 16, pl. 19, fig. 166. 
Records : Kast London, Kleinmond, Zwartkops Estuary, Port Elizabeth, Storms 


River, Knysna, Knysna Estuary, Mossel Bay, Cape Infanta, Cape Agulhas, Oudekraal. 
Notes : Typical. 


PHYLLOCHAETOPTERUS SOCIALIS Claparede. 
Fauvel, 1927, p. 84, fig. 30 a-l. 
P. pictus Crossland, Ehlers, 1908, p. 113. 
Records : Port Alfred, Jeffrey’s Bay, Mossel Bay, C: y i 
, Jeffren ; y, Cape Agulhas, Cape Hangkli 
Port Nolloth. ea , ae 
Notes : Typical. 
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FLABELLIGERIDAE. 


FLABELLIGERA AFFINIS Sars. 

Fauvel, 1927, p..113, fig. 40 Gf. 

Tecturella luctator Stimpson, 1856, p. 391. 

Pherusa tetragona Schmarda, 1861, p. 20, pl. 20, fig. 168. 

Records : The Haven, Qolora, East London, Kleinmond, Port Alfred, Richmond, 
Port Elizabeth, Jeffrey’s Bay, Knysna, Knysna Estuary, Mossel Bay, Still Bay, Cape 
Infanta, Arniston, Cape Agulhas, Hermanus, St. James, Oudekraal, Langebaan 
Lagoon, Lambert’s Bay, Zout River, Groen River, Buffels River. 


Notes : South African material is identical with European specimens in the 
British Museum. 


STYLARIOIDES ARENOSuS (Kinberg). 


Trophonia capensis McIntosh, 1885, p. 363, pl. 44, figs. 7-8; pl. 23A, figs. 1-3. 


Stylarioides kisemboanus Augener, 1918, p. 440, pl. 6, fig. 150; pl. 7, fig. 214, text-fig. 64. 
Stylarioides arenosus Day, 1951, p. 49. - 


Records : The Haven, East London, Jeffrey’s Bay, Knysna Estuary, Still Bay, 
Cape Infanta, Cape Agulhas, Cape Hangklip, St. James, Langebaan Lagoon. 

Notes : An examination of McIntosh’s type of Trophonia capensis now in the 
British Museum shows that the sandy coat has been removed and with it all the 
hooks have been lost so that it is impossible to say whether the hooks were unidentate 
or bidentate. However, a specimen from Sea Point (Cape Town), later identified 
by McIntosh as Stylarioides capensis, was examined and some of the hooks of this 
specimen were bidentate, proving that S. capensis and S. arenosus are identical. 

S. arenosus is closely related to S. eruca (Claparede), but in the latter the tips 
of the ventral setae of the third setiger are bidentate and two dorsal and four ventral 
rows of papillae are elongated and project through the sandy coat, whereas in 
S. arenosus the ventral setae of the fourth setiger are bidentate and none of the 
papillae are long enough to project through the sandy coat. 

Reterence to the synonymy of 8. eruca given by Fauvel (1927, p. 119) shows that 
the name arenosus, first used by Kinberg, was later used for a different species by 
Webster, 1879. A worm from Guernsey (in the Channel Islands) . identified by 
McIntosh (1915) as 8. arenosus Webster was examined in the British Museum and 
proved to be S. eruca. 

I agree with Monro (1933) that S. kisemboanus Augener, 1918, from Angola is 
identical with S. capensis and therefore with S. arenosus (Kinberg). 


STYLARIOIDES LAEVIS (Stimpson). 


Stphonostomum laeve Stimpson, 1856, p. 391. 

Trophonia xanthotricha Schmarda, 1861, p. 16, pl. 19, fig. 165. 

Stylarioides xanthotrichus Augener 1918, p. 430, text-fig. 40. 

(Non) S. xanthotrichus Monro, 1937 a, p. 301, text-fig. 30. 

Records: Hermanus, St. James, Kalk Bay, Lambert’s Bay, Hondeklip Bay, 
Port Nolloth. 

Notes : The body is brownish, lacks a sandy coat and has a well-marked tail, 
which is much narrower than the rest of the body. The ventral setae of the 3rd 
setiger are shorter but essentially similar to those of the preceding two segments 
which form the cephalic cage. Thus true hooks start on the 4th setiger. Surface 
papillae are numerous but squat and capstan-shaped and at first sight the skin 
looks bare. This immediately distinguishes this species from S. swakopianus 
Augener in which the skin is densely covered with long papillae. 

Both Ehlers (1808) and Augener (1918) have discussed whether Stimpson’s 
Siphonostomum laeve and Schmarda’s Trophonia xanthotricha are synonymous. 
Stimpson’s description is brief but quite clear and extensive collections in the type 
locality show that both species refer to the same worm, Incidentally neither 
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Stimpson nor Schmarda was accurate in regard to the colour, a point which caused 


Augener to doubt their identity. 

“A re-examination of the specimen identified by Monro (1937 a) as S. wanthotricha 
from the Arabian coast shows that there is a difference in the setae. In any case 
it would be surprising that a species which does not extend from the cold west coast 
of South Africa onto the warmer south-east coast should suddenly appear in the 
tropical Indian Ocean. 


OPHELITDAE. 


ARMANDIA LEPTOCIRRIS Grube. 
Willey, 1905, p. 289; Day, 1951, p. 50. 


Records : Glentana Strand (near Mossel Bay). 
Notes: There are 34 setigers with branchiae from the 2nd to the last and lateral 


eye-spots from the 6th to the 25th. 


SCALIBREGMIDAE. 


HyBoscoLex LONGISETA Schmarda. 
Lipobranchius capensis Willey, 1904, p. 266, pl. 13, figs. 23-24; pl. 14, fig. 14. 
Records : Jeffrey’s Bay, St. James, Kommetje, Buffels River. 


Notes.‘ An examination of Willey’s type of L. capensis in the British Museum | 


confirms that it is identical with H. longiseta. 


CAPITELLIDAE. 


NoTOMASTUS LATERICEUS Sars. 

Fauvel, 1927, p. 143, fig. 49 a-h. 

Records: Jeffrey’s Bay, Breede Estuary, Langebaan Lagoon. 

Notes: South African specimens are identical with European ones. Miss 
Hartman has shown that the detailed structure of the hooks is an important 
diagnostic character in the Capitellidae. NV. /atericeous has hooks in which the hood 
is 1-5 times a8 long as broad. In face view, two or three ares of small but equal 
denticles may be seen above the main fang. The first arc has six to eight denticles, 
the second has about four and the third is seldom seen from the front; in lateral 
view there appear to be three indistinct teeth. 


NovroMASTUS FAUVELI, sp. nu. (Fig. 3 /-l.) 


Notomastus giganteus (non Moore) Fauvel, 1932, p. 194. 

Records: Bushman’s Estuary, Zwartkops Estuary, Knysna Estuary. 

Description : The type material, which was collected from sandy mud in Knysna 
Estuary, consists of two specimens. The holotype is in two pieces; an anterior 
piece of 30 segments measuring 30 mm., and a breadth of 4 mm. at the 6th segment 
and a posterior piece of 70 segments measuring 36mm. The co-type is complete 
and measures 90 mm. with 80 segments and is 2 mm, broad across the thorax. Both 
specimens are brown in spirit. 

The head consists of a small conical prostomium without eyes and a large buccal 
segment. Nuchal slits are obvious on the dorso-lateral surface. There are 11 thoracic 
setigers which are markedly biannulate from the 38rd. _ Both notosetae and neurosetae 
are smooth-winged capillaries. 

The Ist abdominal segment is markedly narrower than the last thoracic, setae 
change from capillaries to hooks and the neuropodium becomes a prominent lateral 
ridge. Anterior abdominal notopodia (fig. 3) form a continuous ridge across the 
dorsum with a short row of hooks on either side of the mid-dorsal line. From the 
15th abdominal segment onwards, however, the central part of the ridge disappears 
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and the two notopodia become distinct ; further back (fig. 37) they become well 
marked papillae in front of the notopodial gills. Lateral papillae are present on. all 
thoracic setigers between the notopodia and neuropodia but are difficult to see ; 
they are obscure on the Ist abdominal segment but are conspicuous cushion-like 
structures between the notopodial and neuropodial ridges on the 2nd and 
succeeding abdominal segments. They gradually decrease in size and on posterior 
ee they are minute papillae just above the superior edge of the neurop- 
odium. 

Nephridial pores are not conspicuous. None were found on the thorax though 
the intersegmental constrictions were carefully examined. They are present however 
on the first six abdominal segments just posterior to the lateral papillae. Notopodial 
gills are not present on anterior abdominal segments. They were first seen as 
minute papillae behind the notopodia of the 15th abdominal segment. In the 
following segments they increase in size until each gill is seen to be formed of two 
diverging trunks each with about ten digitiform branches, making a total of 20 
filaments on either side of the mid-dorsal line. 

The abdominal neuropodia are in the form of lateral ridges. Anteriorly each 
has a free superior branchial projection, but this is reduced further back and 
disappears at about the 20th abdominal segment. In the posterior part of the 
abdomen the neuropodial ridges are much shorter and more ventral in position, 
but the distance across the ventral surface between right and left rows of neuropodial 
hooks remains the same. 

The hooks are rather slender with a slight thickening halfway down the shaft. 
The head (fig. 3%) has a well developed rostrum or main fang above which is 
an are of eight to ten equal teeth and then a second arc of three to four teeth. 

- Seen in lateral view (fig. 37) there appear to be two teeth above the main fang. The 
hood is quite normal and about 1-5 times as long as broad. 

This species is closely related to N. giganteus as described by Fauvel (1932), but 
differs in two minor respects which may be due to sexual condition or methods of 
preservation. The posterior abdominal notopodia are not ‘‘ very obscure’? but 
prominent and the nephridial or genital pores on the anterior abdomen are not by 
any means conspicuous. In spite of these differences it is felt that. the South African 
material belongs to the same species as the material described by Fauvel. However 
Hartman (1947) has shown that NV. yiganteus Moore (1906) and N. gigantews Moore 
(1909) are two different species, and suggests that Fauvel’s material from the Indian 
Ocean is yet a third species. To prevent further confusion it is better to give the 
South African material a new specific name. 


LEIOCHRIDES AFRICANUS Augener. 


Augener 1918, p. 472, pl. 7, figs. 199, 200; text fig. 74. 
Monro 1933, p. 502. 


Records : St. James. 
Notes: Monro was doubtful of his identification, but after a re-examination of 


_~ his material I confirm it. There are 12 thoracic segments with capillaries in both 


rami; in front of these setigerous segments there is an achaetous segment and then 
-a prostomium and a peristomium corresponding to Augener’s two-ringed head. 
Abdominal hooks have hoods three to four times as long as broad. In lateral 
view there appear to be two denticles above the main fang, but in face view it can 
be seen that there are two arcs of denticles. The first includes two large teeth and 
the second three to four smaller teeth. In posterior abdominal segments the 
notopodial rows of hooks are broadly separated dorsally and the neuropodial rows 
are narrowly separated ventrally. Miss Hartman (1947) has expressed doubts about 
the presence of branchiae. As stated by Monro these organs are present, They 
are retractile and sac-like with two, three or four flaccid lobes, 
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DASYBRANCHUS BIPARTITUS (Schmarda). (Fig. 3 FEA 


Oncoscolex bipartitus Schmarda, 1861, p. 55, pl. 26, fig. 205. 
Dasybranchus caducus (non Grube) Augener, 1918, p. 47 4, with synonymy.’ P 
Dasybranchus caducus (non Grube) McIntosh, 1905, p. 70; McIntosh, 1925, p. 74; Day, 1934, 


p. 65 

Records : St. James, Miller’s Point (near Simonstown), Steenberg’s Cove, Lambert’s 
Bay, Buffels River. 

Diagnosis : Gills from the 40th abdominal segment ; hooks with long hoods and 
unequal teeth above the main fang. 

Description: Augener 1918 who examined Schmarda’s types has shown that 
the worms identified by Schmarda from the Cape of Good Hope as Oncoscolex 
bipartitus, Branchoscolex craspidochaetus, B. sphaerochaetus and B. oligobranchus 
are really all identical and belong to the genus Dasybranchus. Augener refers them 
to the well known D. caducus without giving reasons. It will be noted however 
that both he and Schmarda mention that the gills have four to six filaments whereas 
D. caducus has between 15 and 20 filaments. A recent comparison of fresh material 
from Schmarda’s type locality with a specimen of D. caducus from Naples has shown 
that the two differ not only in respect to the number of gill filaments but also in 
the distribution of the gills and the shape of the setae. A large and well preserved 
specimen from Miller's Point is described below. 

The complete worm measures 300 mm. by 6 mm. and has over 200 segments. 
The colour in spirit is pale brown. The prostomium is short and broadly conical 
and without eyes. Nuchal slits are visible. The buccal segment is considerably 
longer than the Ist setiger. There are 13 thoracic segments bearing winged 
capillaries in both rami. Each segment is markedly biannulate and the surface is 
tesselated. Lateral papillae were not evident on the thorax, but nephridial pores, 
described in detail below were found in the intersegmental grooves from the 9th to the 
10th setiger. 

The abdomen is slightly narrower than the thorax but is still rounded in section. 
Notopodia and neuropodia are in the form of ridges bearing rows of hooks. There 
is a broad dorsal gap between the rows of notopodial hooks on anterior abdominal 
segments. This gap is always greater than half a notopodial row and often 
equal to a whole row. The corresponding ventral gap between the neuropodial 
rows is very short. Lateral papillae were found between the notopodia and 
neuropodia of some segments but they are small and indistinct and were not visible 
on contracted specimens. As mentioned above, nephridial pores start on the 
9th to 10th setiger; they continue onto the 14th to 15th abdominal segment and 
in this mature specimen which contained eggs, the epidermis on either side of the 
pore was swollen and glandular. ‘The retractile gills start on the 40th abdominal 
segment as one to two small, fingerlike filaments projecting from the top of the 
neuropodium. When retracted an obvious pit is seen. The number of filaments 
gradually increases and over most of the abdomen there are four to six, but near 
the end of the worm there are 10 to 13, and in this region, where the gills are 
fully distended it may be seen that the filaments branch out from a basal stump. 
None of the small specimens had more than six gill filaments and presumably the 
number of filaments increases not only along the length of the abdomen but also 
with the size of the worm, 

The hooks have hoods which are characteristically three to five times as long as 
broad, and seen under oil-immersion, the surface is finely ridged. In lateral view 
(fig. 3f) there seem to be three indistinct teeth above the main fang; in face view 
however (fig. 3g) it may be ascertained that there are really three arcs of teeth 

* Since going to press another paper on the hooks of Dasybranchus has appeared (Tebble, N., 
1954, Ann, Mag. Nat. Hist. 7 (12), No. 76, pp. 316-320). Mr. Tebble has dismissed the 
evidence afforded by the position of the branchiae and referred the species whose hooks have long 


hoods to D. caducus. This is the opposite view to what is proposed here, It is obvious that only a 
reyiew of the types will resolye this matter, i, 
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TEXT-FIG. 3. 


Clymene glandularis, sp. n. 
a) head; (b) pygidium ; (c) neuropodial aciculum of the 2nd setiger ; (d) neuropodial hook of 
Pys 8 T 
. setiger 10; (e) dorsal view of setigers 8 and 9, 
Dasybranchus bipartitus (Schmarda). 
(f) lateral view of abdominal hook ; (g) face view of abdominal hook. 
Notomastus fauveli, sp. n. 
(h) dorsal view of anterior abdominal segments ; (j, k) lateral and face views of abdominal hook ; 
(J) dorsal view of posterior abdominal segments, 
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which differ in size. The are immediately above the main fang often has only one 
large tooth but occasionally there may be as many as four ; the 2nd are has four 
to eight smaller teeth and the 3rd arc of tiny teeth is usually hidden by the curving 
crest of the seta. The formula might be expressed as MF: 1-4:4-8:? 

The specimens identified as D. caducus by McIntosh (1905) and by m (Day, 1934) 
have been re-examined and prove to have the above characters. 

A specimen of D. caducus from Naples differs in the following respects. The 
gills start on the 20th abdominal segment and according to Fauvel may have a 
maximum of 20 filaments. The gap between anterior abdominal notopodia is 
half or less than half the length of the notopodial row of hooks. The hooks them- 
selves have short quadrangular hoods less than twice as long as broad ; in lateral 
view there appear to be four indistinct teeth above the main fang, but in face view 
it may be seen that there is really a series of three to four arcs of teeth each with 
about eight small equal denticles rather irregularly arranged. 

It will be obvious that the South African material is not D. caducus as previously 
supposed, It is very close to, if not identical with, D. gajolae Hisig, 1887. If this is 
confirmed, Schmarda’s names have priority. Of these Oncoscolex bipartitus has 
page priority and must be used, but unfortunately it is also the most incomplete 
of Schmarda’s four descriptions. 


CAPITELLA CAPITATA (Fabricius). 


Fauvel, 1927, p. 154, fig. 55 a-h. 

Records: Bashee Estuary, Keiskama Estuary, Knysna Estuary, Hermanus 
Lagoon, Milnerton Estuary, Berg Estuary. 

Notes : Typical. 


PROTOCAPITELLA SIMPLEX. Berkeley. 


Hartman, 1947, p. 440, pl. 57, figs. 3-4. 

Records : Langebaan Lagoon, Strandfontein (False Bay). 

Notes: This is a new record for South Africa but has been checked against a 
co-type in the British Museum. There are capillaries in the notopodia and hooks 
in the neuropodia throughout the body. The hooks lack hoods and have three 
rows of denticles above the main fang decreasing in size from the first to the third. 
Gills are present as three to four digitiform filaments behind the notopodia of 
posterior abdominal segments. 

As far as I am aware this species has not previously been recorded from the 
southern hemisphere. The type comes from the Pacific coast of North America. 


HETEROMASTUS FILIFORMIS (Claparede). 


Fauvel, 1927, p. 150, fig. 33 a-7; Day, 1951, p. 51. 
Records : Knysna Estuary. 


ARENICOLIDAE. 


ARENICOLA LOVENI Kinberg. 

Ashworth, 1910, p. 1, pl. 1, figs. 1-8; 1911, p. 2, pl. 1, figs. 1-6, text-figs. 1-3. 

Records: Bushman’s Estuary, Knysna Estuary, Hermanus Lagoon, Langebaan 
Lagoon. 
Ny otes : This is a very large species ; the largest specimen collected at Langebaan 
is 55 cm., with a breadth of 25 mm. across the broadest segment. It lives in deep 
burrows in muddy sand between high water of neaps and low water of springs. 
The surface indication is a funnel-like depression ; castings have not been found, 
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ARENICOLA ASSIMILIS Ehlers var, arrints Ashworth. 
Ashworth, 1911, p. 18, text-figs. 4, 5. 
Records : Buftels Bay (near Cape Point), Lambert’s Bay. 
Notes: An average specimen is 15 cm. long. This species lives in almost clean 


sand on wave washed beaches between low water of neaps and springs. It makes 
typical Arenicola castings. 


MALDANIDAE, 


CLYMENE LUMBRICOIDES Quatrefages, 
Fauvel, 1927, p. 172, fig. 59 a-7. 


Records : Still Bay, Cape Infanta, St. James, Langebaan Lagoon, Luderitzbucht. 


CLYMENE (HUCLYMENE) LUDERITZIANA Augener, 
Huclymene Luderitziana Augener, 1918, p. 481, pl. 6, figs. 144-145; pl. 7, figs. 186, 215 ; 
text-fig. 77. 

Records : Langebaan Lagoon, Lambert’s Bay, Luderitzbucht. 

Notes: Augener’s type was fragmentary and his description therefore incom- 
plete. The numerous specimens from Langebaan have allowed me to summarize 
the important characters. 

The species is smaller than most and averages 40 mm. by 0-6 mm. In spirit it is 
pinkish white and glandular bands are hardly distinguishable. The friable tube 
is constructed of fine white sand-grains. Augener thought there were 22 setigers 
but these complete specimens have 24 setigers, two preanals and then the pygidium 
with its ring and funnel. The prostomium is unusually broad and there are numerous 
eye-spots ; nuchal grooves extend back over three-quarters of the cephalic plate 
_ and converge posteriorly. There is a well-marked cephalic rim with three notches ; 
two shallow lateral ones (sometimes missing) and one deep, posterior one. ~ 

Segments | to 7 increase in length, segment 8 is shorter than either segment 7 or 9, 
segments 9 to 19 are roughly equal and segments 20 to 24 decrease in length. The 
two preanals together are shorter than setiger 24 and the 2nd preanal is shorter 
and less distinct than the first. The anal funnel is surrounded by 15 to 20 subequal 
cirri plus a median ventral cirrus twice as large as the rest. The anus itself is on 
a slight cone. Aare: 

The first three setigers each have a single acicular neuroseta which is boldly 
bent and smooth on its convex margin. Posterior setigers have normal neuropodial 
hooks with six to seven teeth above the main fang. The notopodial capillaries are 
of two kinds: (a) fine and spinulose, and (}) stout and broadly winged. 


CLYMENE GLANDULARIS, sp. n. (Fig. 3 a-e.) 
AW) termissa var. capensis McIntosh, 1905, p. 73. 
sia vopaite Mois tost 1885, p. 404, pl. BBA, figs. 7, 8. 
(Non) Clymene (Praaillella) praetermissa Malmgren, Fauvel, 1927, p. 179, fig. 62 a-e. 
Records : ? Port Alfred, Zwartkops Estuary, Still Bay. 
Diagnosis : Cephalic rim crenulate posteriorly, body of 19 setigers, two preanals 
and a pygidium. Glandular rings on setigers 2 to 8, and a dorsal glandular 
streak on setigers 9 to 14; neuropodial hooks on setigers 1 to 3 with smooth 
bent tips. 

Description : The type specimen comes from Zwartkops Estuary. It is 138 mm. 
long and 3-5 mm. across the 5th setiger and has 19 setigers, two preanals and a 
pygidium with its basal ring and funnel. The colour in spirit is brown. 

The prostomium (fig. 3a) is prominent and rounded in front and there are 
innumerable ocular specks spread over its ventral surface. Nuchal grooves extend 
back over three-quarters of the cephalic plate. The cephalic rim is incised posteriorly 
to form seven to ten unequal lobes. The first seven setigers increase in length, 
the 8th is much shorter than the 7th and about half the length of the 9th. pie: 
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he segments decrease in length to the 14th which is about the same length as the 
ak The 15th, 16th and 7th increase and the 18th and 19th decrease. The to 
preanals together are about equal to the 19th and the Ist 1s longer than the ay 
The pygidial funnel (fig. 3 5) is shallow with 25 to 30 subequal cirri and a ventra 
cirrus which is slightly larger than the rest. The anus is on a slight cone. Setigers 
2 to 8 have glandular rings and setigers 9 to 14 have a characteristic dorsal glandular 
streak (see fig. 3) ; sometimes a narrow ventral glandular streak is also visible. 
There are one to three smooth, bent neuropodial acicula (fig. 3c) on each of the 
first three setigers. The hooks on setigers 4 to 19 have five to six teeth above the main 
fang (fig. 3d). The notosetae are of the usual two types: (a) stout winged capillaries 
and (6) fine feathered capillaries. The latter are more common in posterior segments. 
The specimens identified as Prazillella praetermissa var. capensrs by McIntosh 
(1905), Monro (1933), and Day (1934), have been checked as identical with the above 
description of C. glandularis. Clymene (Praxillella) praetermissa Malmgren has a 
smooth rim to the cephalic plate, serrated neuropodial acicula on setigers 1 to 3, 
lacks a glandular streak on setigers 9 to 14 and possesses four preanal segments. 


Notes on the type of Praxilla capensis McIntosh, 1885. 

This species was collected in 95 fathoms off the Cape. The type is now in the 
British Museum and consists of four fragments : a head and 11 segments, a head and 
five segments, two middle fragments of three segments each ; there is no tail region. 
The prostomium is prominent but no eyes arc visible ; the nuchal grooves are straight 
and two-thirds the length of the cephalic plate which is surrounded by a well developed 
rim with only one pair of deep lateral incisions and a single deep posterior one. 
There are glandular bands on the anterior margins of setigers 5 to 8 and a narrow 
ventral glandular streak from the 6th setiger to the llth which is the end of the 
longest fragment. There is no sign of a dorsal glandular streak. 

There is one pair of neuropodial hooks on each of the first three setigers. Each 
is an almost straight needle-like seta with a smooth tip. In posterior segments there 
are two types of notopodial setae: (a) about six fine capillaries with narrow wings 
which become finely spinulose towards the tip and (b) about seven long stout, broadly- 
winged capillaries with smooth tips. The neuropodial hooks of these posterior 
segments have a single vertical series of six to seven well marked teeth above the 
main fang and two to three denticles behind these. 

The smooth straight acicular hooks immediately distinguish this species from 
C. praetermissa. OC. glandularis is closer but the cephalic rim is different and the 
dorsal glandular streak is distinctive. 


CLYMENE (PRAXILLELLA) SALDANHA, sp. n. (Fig. 4a-d.) 


Records : Langebaan Lagoon. 

Diagnosis : Body with 37 setigers, a doubtful preanal and a poorly developed 
pygidium. Acicular neurosetae of first three setigers with three vestigial teeth. 

Description: The type material from Langebaan consists of two complete 
specimens and an anterior fragment of 35 setigers. The holotype is the largest 
specimen and measures 55 mm. with 37 setigers, no preanals and a pygidium. The 
maximum breadth at the 6th setiger is 1-3 mm. The colour in spirit is creamy yellow. 

The prostomium (fig. 4 @) is prominent, triangular and pointed anteriorly. There 
are no eye-spots. Nuchal grooves extend back four-fifths the length of the cephalic 
plate. The cephalic rim has a pair of postero-lateral notches and one median 
posterior one. Glandular bands are faintly marked on setigers 2 and 3, well marked 
on setigers 4 to 7 and poorly marked on setiger 8. A narrow ventral glandular 
streak runs from setiger 1 to the pygidium of the holotype but is not visible on the 
other specimens. The length of individual setigers decreases from the Ist to the 
3rd, increases from the 4th to the 8th, and thereafter decreases slowly to the last 
or 37th setiger which is almost twice as long as broad. The presence of a preana] 
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segment is doubtful. On the holotype there is merely a slight swelling in front 
of the pygidium but on the co-type this is absent. The pygidium itself (fig. 4 d) is 
poorly developed ; there is no basal ring and no funnel on the holotype, merely a 
circle of 10 to 20 small, subequal cirri around the anus. On the other specimen 
there is a very shallow anal funnel. 

Notosetae are of three types: (a) large, broad-winged capillaries, (b) slender 
feathered capillaries, and (c) slender smooth capillaries. The neuropodial hooks of 
the first three setigers are of the Pravillella type with three vestigial teeth on the 
convex margin of the curved tip (see fig. 46). The neuropodial hooks of succeeding 
segments are well developed with five teeth above the main fang and a few subrostral 
tendons (see fig. 4c). 

This species has certain resemblances to both Clymene santanderensis Rioja and 
Clymene monilis Fauvel especially in regard to the large number of setigers. The 
neuropodial acicular hooks of the first three setigers, however, are quite different. 


NICOMACHE LUMBRICALIS (Fabricius). 
Fauvel, 1927, p. 190, fig. 66 a-7. 
eae capensis McIntosh, 1885, p. 399, pl. 46, fig. 4; pl. 24A, figs. 18, 19; pl. 387A, 
Z. 2. 

Records: Still Bay, Cape Agulhas, Cape Hangklip, St. James, Oudekraal, Lange- 
baan Lagoon, Steenberg’s Cove, Handeklip Bay. 

Notes: McIntosh’s type of N. capensis in the British Museum consists of two 
fragments with a total of nine segments. As far as can be ascertained the characters 
agree with N. lumbricalis. As stated by Monro (1933), the South African material 
has 22 setigers, and two rings before the anal funnel. The European material is 
exactly similar. Fauvel (1937) considers these rings to be two preanal segments ; 
to me it appears that there is one preanal followed by the usual pygidial ring. 

The specimen from Cape Agulhas differed from the others in having notosetae 
but not neurosetae on the preanal segment. Fauvel has shown that this variation 
sometimes occurs in V. maculata. 


PETALOPROCTUS TERRICOLUS Quatrefages. 


Fauvel, 1927, p. 194, fig. 68 a—. 
Nicomache macintoshi Marenzeller, 1887, p. 19, pl. 1, fig. 8. 
Petaloproctus macintoshi Augener, 1918, p. 491. 


Records: Cape Hangklip, St. James, Langebaan Lagoon, Zout River. 

Notes: The South African specimens of Petaloproctus, previously known as 
P. macintoshi, agree well with Fauvel’s description, and have been. checked against 
European specimens. There are two interesting points. Fauvel has described the 
third type of notoseta as sinuous with very fine spinules along one side. All my 
specimens appeared to have close-set whorls of spinules which, strangely enough, are 
more evident under low power. The second point concerns the fleshy dorsal lobes 
on the last six to seven setigers. McIntosh 1905 reported them on the last three 
setigers; Monro (1933) found them on six setigers ; on one of the present specimens 
there are none and on another there are seven. Their development may be related 
to the size of the worm. 


JOHNSTONIA KNYSNA, sp.n. (Fig. 4 e-j.) 

Records : Knysna Estuary. 

Diagnosis : Nineteen setigers and one to two preanals : neuropodial acicula of 
the first three setigers as smooth, bent needles ; vascular caeca branched. 

Description: The type material from Knysna Estuary consists of two fragments : 
(a) a head with 11 setigers and (b) a posterior fragment including setigers 4 to 19, 
two preanals and the pygidium. The statement that the anterior end of fragment 
(b) is the 4th setiger is based on the distribution of the setae, the glandular bands 
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TExT-FIG. 4. 


Clymene (Pracxillella) saldanha, sp. n. 
(a) head and anterior segments ; (6) neuropodial hook of 2nd setiger ; (c) neuropodial hook of 
setiger 10 ; (d) pygidium and posterior segments. 
Johnstonia knysna, sp. n. 


(e) head; (f) pygidium and posterior segments ; (g) branchial tuft ; (h) peuropodial aciculum of 
setiger 2 ; (j) neuropodial hook of setiger 10. 
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and the relative lengths of the segments of both fragments. A whole worm would 
thus have 19 setigers, a complete preanal and indications of a second and a pygidium. 
It would be about 180 mm. long and measure 4 mm. across the 9th segment. The 
colour is brown in spirit. 

The cephalic plate (fig. 4 e) is an elongate oval and the rim is crenulate posteriorly. 
The prostomium is a rounded cone and the nuchal grooves extend back two-thirds 
of the cephalic plate. No eye-spots were seen. The first three setigers decrease in 
length but the 4th to 7th are increasingly long. The 8th is short, and just over 
half the length of the 7th. The 9th is just longer than the 7th. The 10th to 19th 
setigers are about the same length as the 9th; the two preanals together are the 
length of the 19th, while the pygidium (fig. 4) which is not clearly defined from the 
2nd preanal is only half the length of the 19th. The pygidial ring is poorly 
developed and the funnel is encircled by about 20 large cirri, plus a few minute ones 
and a median ventral cirrus twice the size of the others. ‘The anus is on a well 
marked cone and has a small ventral valve. 

In general, anterior segments have glandular bands and the posterior segments 
have longitudinal streaks. Thus the first two segments are not glandular, the 3rd 
is glandular over most of its length, the 4th to 6th are glandular throughout, and 
the 7th and 8th have their anterior ends encircled by glandular bands. On both 
_ specimens there is a narrow mid-ventral glandular streak from setiger 9 onwards 
and on fragment (5) there is also a dorsal glandular streak from setiger 9 to 14. The 
first vascular caeca are two pairs of digitiform projections on the dorsal surface of 
setiger 14. On the next segment there are four rows each with 23 tufts and each 
tuft (fig. 4g) having four to six branches. This arrangement continues until 
setiger 19 but while there are still four rows on the Ist preanal, each of these rows 
has only 15 tufts. 

Notosetae are of two types: (a) numerous large broad-bladed capillaries, and 
(d) a few fine, feathered forms. The neuropodia of the first three segments each have 
an acicular needle (fig. 4) which is slightly bent near the tip but quite smooth. 
Posterior setigers have rows of hooks each with five to six teeth above the main fang 
(see fig. 47). 

This species differs from the European Johnstonia clymenoides Quatretages in the 
number of setigers, the lack of denticles on the acicular hooks of the first three 
setigers, the disposition of the glandular bands and the fact that the vascula caeca 
are branched. 


MiIcROMALDANE spp. 

Records : East London, Hondeklip Bay. 

Notes: Micromaldane is probably a postlarval stage of the Maldanidae. The 
East London material, L255B was found among the tubes of Fabricia capensis. 
No complete specimen was obtained, but the striated and hastate notosetae and the 
bent and bulbous hooks are characteristic. The Hondeklip Bay material, HB3S 
seems to be a postlarval Nicomache with 22 to 23 setigers and one preanal. The 
setae were similar to those of the Hast London specimens. 


SABELLARIIDAE. 


SABELLARIA SPINULOSA Leuckart var. ALCOCKI Gravier. 
Fauvel, 1927, p. 208, fig. 73 km. 
Records : Jeffrey’s Bay. 


IDANTHYRSUS PENNATUS (Peters). 


Fauvel, 1932, p: 212; Day, 1951, p. 54. 
Records : The Haven. 
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GUNNAREA CAPENSIS (Schmarda). 

Sabellaria capensis McIntosh, 1885, p. 418, pl. 25A, figs. 24, 25 ; pl. 26A, figs. 11-12. 

Pallasia capensis Treadwell, 1943, p. 3. ; 

Records: The Haven, Qolora, East London, Kleinmond, Port Elizabeth, Still 
Bay, Hermanus, St. James, Oudekraal, Langebaan Lagoon, Paternoster, Steenberg’s 
Cove, Lambert’s Bay, Port Nolloth, Luderitzbucht. 

Notes: By courtesy of the U.S. National Museum I was able to examine Treadwell’s 
specimen of Pallasia capensis. It is a typical Gunnarea capensis, but the locality 
is doubtful. Treadwell thought the specimen collected by H. Lang came from 
Tropical West Africa where G. capensis is unknown. The label is ‘‘ Pompna, Africa.” 
which may refer to Pomona Island, South West Africa, a record well within the 
known distribution. 


PECTINARIIDAE. 


PECTINARIA CAPENSIS (Pallas). 

McIntosh, 1905, p..76, pl. 7, figs. 35a,6; 36. 

Records: Langebaan Lagoon. 

Notes: Cephalic rim serrate, 11+11 golden paleae, veil free, three anterior 
segments with notosetae only, 13 setigers with both notosetae and neuropodial uncini, 
two achaetous prescaphal segments, five to eight scaphal hooks, no anal cirrus. 
Uncini with two rows of teeth each with seven to eight large teeth and a crowded 
group of about eight smaller teeth. Gouge large and horse-shoe shaped in plan. 
Tubes straight composed of sponge spicules. 

These worms are fairly common at and below spring low tide in the sand banks 
of Langebaan Lagoon. The beautifully constructed tubes, which may be over 
130 mm. long, are made of short lengths of sponge spicules arranged like bonded. 
bricks. Only the terminal portion which projects above the sand is composed of 
sand grains and this usually falls off when collected. 


PrcotTinaria (LaGIs) PSEUDOKORENI, sp. n. (Fig. 5 a-c.) 


Records: Zwartkops Estuary, Knysna Estuary, Great Brack Estuary. 

Diagnosis : Cephalic rim smooth, 11+11 golden paleae, veil partly fused, three 
anterior segments with notosetae only, 12 segments with both notosetae and 
neuropodial uncini, two achaetous prescaphal segments, uncini with two to three 
rows of teeth, five scaphal hooks, tube of sand grains. 

Description : The type specimen comes from Knysna Estuary. It is 16 mm. long, 
4mm. broad at the fourth setiger, and the colour in spirit is pale brown. 

The rim of the cephalic plate is smooth and there are 11 golden palaea on each 
side. The first pair of tentacular cirri arise from the ventral ends of the cephalic 
rim (see fig. 5a). Between them is a delicate membrane or veil which separates 
the paleae from the crowded buccal tentacles. The ends of the veil are not attached 
to the tentacular cirri but curve back around the sides of the mass of buccal tentacles. 
Between the veil and the tentacular cirrus is a deep notch with an ear-shaped fillet 
behind it so that the veil is neither free from the cephalic rim nor fused to it, but 
represents an intermediate condition. The margin of the veil bears ten filiform cirri. 

The second pair of tentacular cirri is attached to the side of the head above and 
behind the first pair, and they are united to one another by a low serrated membrane 
which runs across the ventral surface behind the buccal tentacles. Behind the 
second tentacular cirri are the first pair of gills. A broad glandular pad runs across 
the ventral surface between them and there is a faint ridge across the dorsal surface. 
The second branchiferous segment also has a glandular pad across the ventral 
surface, and this one is better developed and divided into three parts, a rectangular 
median ventral part and a pair of triangular ventro-lateral projections below the 
second pair of gills. The next segment (the Ist setigerous) and possibly the 2nd 
setigerous have similar ventral pads but these are poorly developed. 
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The first three setigers lack neuropodial uncini. The notosetae are stout and 
the fine tips of some are smooth and of others, denticulate. The next 12 segments 
bear rows of uncini. In plan view each uncinus shows two to three rows of teeth 
and in lateral view (fig. 5 c) it can be seen that each row is composed of six to eight 
large teeth with three to four smaller ones immediately preceding the basal gouge. 
There are two achaetous prescaphal segments. The scaphe itself (fig. 56) has a 
en margin and bears five hooks. The triangular anal ligule has a small anal 
papilla. 

This species is close to P. koreni, the main difference being the incomplete fusion 
of the veil to the paleal segment, the fewer cirri on the margin of the veil and the 
less obvious distinction between large and small teeth on the uncini. Hartman 
(1941) has given a key to the five genera or subgenera of the Pectinariidae. In this, 
the fusion of the veil to the paleal segment is used as an important distinction 
between Lagis on the one hand and Amphictene, Cistenides and Pectinaria on the 
other. On this basis the present species is in a doubtful position, but when the 
number of setigerous segments and the close relationship to P. (Lagis) korent are 
taken into consideration, it is obvious that it should be included in the subgenus Lagis. 


AMPHARETIDAE. 
MELINOPSIS CAPENSIS, sp. n. (Fig. 5 d-g.) 

Records : Storms River. 

Description: The type material from Storms River consists of a number of 
twisted sandy tubes attached to Coralline algae found near the low tide mark. 
The worms are obviously gregarious and apparently incubate their eggs in the 
tubes for several postlarval stages were found. The holotype selected was a specimen 
6 mm. long with 44 segments, the last few being bent forward inside the tube in the 
manner of a Sabelariid. The breadth at the branchiferous region is 0-25 mm. and 
from here the body tapers gently to the posterior end. It is brownish white in spirit. 

The holotype has its tentacles extruded and in consequence the prostomium 
is quite square in front, but in other specimens where the tentacles are retracted 
the prostomium is spade-shaped and smoothly rounded dorsally, there being no 
visible glandular ridges. The holotype has two pairs of eyes but many of the co- 
types have three. There are about 20 smooth, stout buccal tentacles of varying 
length (see fig. 5g). The segments following the prostomium are short. The gills 
are united at their bases to form a dorsal flap which usually lies forward over the 
head. There are six long smooth, cylindrical gill-filaments corresponding to two 
groups of three though there is no median gap. 

Behind the branchiferous segment there are 14 thoracic setigers each with a 
ventral glandular pad. The Ist and 2nd setigers are both longer and broader than 
the preceding ones: ach bears a single vertical row of 18 to 24 fine spear-shaped 
neuropodial setae, there being neither paleae nor dorsal hooks nor notopodial 
capillaries. The 3rd setiger has a similar row of neuropodial setae but this one 
does have a small bundle of notopodial capillaries. The 4th setiger has notopodial 
capillaries only. Setigers 5 to 14 each have a bundle of 8 to 12 notopodial 
capillaries, and a row of 10 to 12 neuropodial uncini. 

The abdomen tapers evenly to the pygidium. No anal cirri were seen. There 
are 28 abdominal segments each of which is rounded in section and roughly as long 
as broad. ‘The only projections are the square uncigerous pinnules, there being no 
dorsal cirri. 

The neuropodial setae of setigers 1-3 have spear-shaped blades and fine tips 
(fig. 5 e) ; the notopodial capillaries (fig. 5 d) have smooth, broad wings ; the thoracic 
uncini (fig. 5f) have a single series of five (or occasionally four) teeth above the 
small rounded base. Abdominal uncini are similar in shape but smaller and 
stouter and seldom have more than four teeth. 
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TEXT-FIG. 5. 
Pectinaria (Lagis) pseudokoreni, sp. n. 
(a) ventral view of head and anterior segments; (b) the scaphe ; (c) lateral view of uncinus, 


Melinopsis capensis, sp. n. 


(d) thoracic notoseta ; (e) neuropodial seta of setiger 2 ; (f) uncinus of setiger 10; (g) lateral view 
of anterior end, 


Pista qolora, sp. n. 


(A) lateral view of uncinus from first row; (j) face view of thoracic uncinus ; (k) lateral view of 
anterior end, 
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Pe Fauvel (1932) has recorded M. dubita (Hoagland) from the tropical Indian Ocean, 
his has four pairs of gills instead of three and 17 thoracic setigers instead of fourteen. 


SABELLIDES sp. 

Records : Buffels River. 

Notes: A single specimen, 6mm. long, was obtained. The body is white with 
brown markings on the head and gills. The prostomium is flattened, lacks glandular 
ridges and eyes are indistinct. There are numerous pennate tentacles. Four pairs 
of smooth gills arise from a prominent dorsal ridge ; between them is a pair of large 
nephridial tubules. 

No paleae were found. There are 13 thoracic notopodia on one side but only 
12 on the other. Uncini start on the 3rd setiger which also bears a prominent 
nephridial papilla. There are at least 11 glandular ventral pads. The tapered 
abdomen consists of 13 setigers. These lack notopodia, but the uncigerous pinnules 
each bear an inconspicuous papilla on the dorsal margin from the 3rd segment 
onwards. Digitiform anal cirri are present. The thoracic uncini have a single 
series of three large teeth above the tooth-like attachment papilla and rounded base. 

This single specimen is obviously abnormal but does not appear to belong to 
any known species. It is referred to the genus Sabellides rather than Neosabellides 
because it possesses four pairs of gills instead of three. No species of either genus 
has been reported from South Africa. 


TEREBELLIDAE. 


TEREBELLA PTEROCHAETA Schmarda. 

Schmardanella pterochaeta McIntosh, 1885, p. 449, pl. 53, fig. 1; pl. 27A, figs. 24-26. 

Lepraea pterochaeta Augener, 1918, p. 523. 

Records: The Haven, Qolora, East London, Kleinmond, Richmond, Jeffrey’s 
Bay, Knysna Estuary, Mossel Bay, Cape Infanta, Arniston, Danger Point, Langebaan 
Lagoon, Paternoster, Steenberg’s Cove, Lambert’s Bay, Hondeklip Bay, Buftels 
River, Port Nolloth. 


TEREBELLA SCHMARDAEI Day. 

Day, 1934, p. 69, fig. 13 a-e. 

Lepraea (Terebella) lapidaria (non Kahler) Augener, 1918, p. 518. 

Records: Oudekraal, Yzerfontein, Paternoster, Lambert’s Bay, Zout River 
Buffels Bay, Luderitzbucht. 

Notes: The South African 7’. schmardaei, like the European 7’. lapidaria Kahler, 
the Indo-Pacific 7’. ehrenbergi Gr. and the Antarctic 7’. ehlersii Gravier has three 
_pairs of gills and numerous segments with notosetae. 7’. lapidaria is immediately 
distinguished from the rest by the spur at the base of the serrated part of the blade 
of the notosetae (see Fauvel, 1927, fig. 87, &, 1). T. ehrenbergi is a small species 
with the last 30-40 segments without notosetae, uncini with less than ten teeth 
above the main fang (formula MF: 3: 3-4) and inconspicuous nephridial papillae 
on segments 3, 6, 7, 8,9. . ehlersi is a large species with the last 20-40 segments 
“without notosetae, uncini with about 20 teeth above the main fang (formula 
MF : 5 ; 12-14) and large nephridial papillae on segments 3 and 6-13. T'. schmardaet 
is of medium size with notosetae almost to the pygidium, uncini with about 15 teeth 
above the main fang (formula MF: 2-3: 10-12) and inconspicuous nephridial 
papillae on segments 3, 6, 7, 8, 9. ae 

The three species are close but seem to be distinct. 


NICOLEA MACROBRANCHIA (Schmarda). 
Augener, 1918, p. 527, pl. 7, figs. 232, 233 ; text-fig. 89. - 
Records : Qolora, East London, Kleinmond, Port Alfred, Storms River, Richmond, 
Knysna, Knysna Estuary, Mossel Bay, Still Bay, Cape Infanta, Arniston, Cape 
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Agulhas, Danger Point, Cape Hangklip, St. James, Oudekraal, Langebaan Lagoon, 
Steenberg’s Cove, Lambert’s Bay, Zout River, Groen River, Hondeklip Bay, Buffels 
River. 


PoLYMNIA NEBULOSA (Montagu). 

Fauvel, 1927, p. 257, fig. 89 a-g. 

Polymnia capensis McIntosh, 1925, p. 80, pl. 9, fig. 4. 

Records: The Haven, Cape Infanta, Arniston, Cape Agulhas, St. James. 

Notes: McIntosh described P. capensis from dredgings off the Cape and stated 
that the ventral scutes are continuous throughout. The type is not in the British 
Museum and is presumably lost. In the present specimens the anterior 12 scutes 
or pads on the thorax are four times as broad as long, but those on the abdomen 
are much longer and narrower and appear as mid-ventral glandular strips about 
three times as long as broad. Nephridial papillae are only certain on segments 
3 and 4 (setigers 1 and 2). The uncini are rather different from those of the 
European form. The base is shorter and broader (see McIntosh, 1925, pl. 9, fig. 4) 
and in lateral view there appear to be three teeth above the main fang. In face 
view however it can be seen that there are really two arcs of denticles above the 
main fang giving the formula MF : 1-2 (usually 2); 1-5 (usually 3). 


PIsTA FOLIIGERA Caullery. 

Fauvel, 1919, p. 451, pl. 17, fig. 80, text-fig. 9. 

Records: East London, Miller’s Point (near Simonstown), Lambert’s Bay. 

Notes: The present specimens have two pairs of dichotomously branched gills 
with short trunks. One of the gills is often lost leaving three asymmetrical gills. 
The Ist segment has stout ventro-lateral lobes joined across the mid-ventral line. 
The 2nd segment (the first branchiferous) has a glandular ventral pad but no 
lateral lobes and is telescoped between the Ist and the 8rd (or 2nd branchiferous) 
which again bears large lateral lobes. Nephridial papillae occur behind the notopodia 
of setigers 1 to 5. 

The uncini of the first two rows are characteristic. They have long broad shafts 
and a striated lobe below the main fang. In lateral view there appear to be three 
denticles, but in face view it may be seen that there are really three ares, the formula 
being MF’: 2:5: 6-8. Later uncini have short bases and more denticles the formula 
becoming MF: 2-4: 6-8:10-12. The specimens from the Cape Peninsula and 
Lambert’s Bay have gills with fewer branches than those from warm waters. 


PisTa QOLORA, sp. n. (Fig. 59-k.) 

Records : Qolora, East London. 

Description: The type material consists of six specimens collected at Qolora. 
The holotype selected is an almost complete worm measuring 35 mm. for 54 segments. 
It is 1-6 mm. broad at the 3rd setiger and thereafter the body tapers gently to the 
posterior end. The colour in spirit is pale brown. The tube bristles with attached 
fragments of hydroids and algae. 

Numerous grooved tentacles arise from the anterior face of the tentacular collar 
and there minute eye-spots on the posterior surface (see fig. 5k). The Ist segment 
bears a pair of large ventro-lateral lobes which are united ventrally and project 
forward as a sort of basal sheath for the tentacles. The 2nd segment (the Ist 
branchiferous), is telescoped between the Ist and the 3rd. It has no lateral 
lobes but does have a ventral glandular pad. The 3rd segment. or 2nd 
branchiferous again bears large wing-like lateral lobes but these are reflected back 
over the Ist setiger. There is also a broad ventral pad. 

The two pairs of dichotomously branched gills have short terminal twigs and the 
stout trunks are shorter than the branched part. The first pair of giils is somewhat 
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larger than the second. On some of the co-types one of the four gills is missing 
and the odd one is then abnormally enlarged. 

Notosetae start on the 4th segment and there are 17 in all. Uncini start 
on the 2nd setiger as a single row, but further back the uncini are in an alternate 
series. No nephridial papillae were seen though they must be present. As mentioned 
above there are ventral pads on each of the two branchiferous segments and these 
with the 17 on the setigerous segments make a total of 19. 

Abdominal segments are broader than long. Each bears a pair of square 
uncigerous pinnules and on the ventral surface there is a narrow glandular streak 
from the thorax to the end of the abdomen. The anal segments are missing from 
the ee but on one of the co-types the anus is surrounded by six small, square 
papillae. 

Thoracic notosetae are smooth-winged capillaries with long fine tips. In each 
bundle there are the usual long and short forms. The uncini of the first two rows 
have markedly tapered shafts and characteristically long necks (see fig. 5h). Above 
the main fang there are two or three large teeth and then an irregular cap of 
four to seven denticles, the formula being MF : 2-3 : 4-7 (see fig. 5). In side view 
there appears to be only one to two teeth above the main fang, and on the neck below 
it there is a delicate attachment lobe. This is not striated as in P. foliigera. The 
uncini of posterior segments lack the long shaft and the crest has more denticles so 
that the formula becomes MF : 2-3 : 10-12. 

This species has a superficial resemblance to P. foliigera in regard to gills and 
lateral lobes but the uncini are quite distinct. 


THELEPUS PLAGIOSTOMUS (Schmarda). (Fig. 6c.) 

Fauvel, 1919, p. 455, text fig. 10. 

Thelepus setosus var, africanus Day, 1951, p. 61. 

Records : The Haven, Qolora, East London, Kleinmond, Port Alfred, Bushman’s 
Estuary, Richmond, Zwartkops Estuary, Jeffrey's Bay, Knysna Estuary, Mossel 
Bay, Still Bay, Cape Infanta, Arniston, Cape Agulhas. 

Notes: The species of Thelepus are notoriously difficult to distinguish and many 
records including some of my own (Day, 1951) are due to incorrect determinations. 
A large series of specimens in the British Museum was therefore examined to 
determine which characters are of systematic value and which show large individual 
variation. Characters which have previously been used, such as the arrangement 
of branchial filaments, the length of abdominal segments and the size of the uncigerous 
pinnules vary so much with the method of preservation that they are of little use. 
However the number of branchiferous segments, the number of segments with 
notosetae, the number of rows of uncini and particularly the structure of the uncinus 
itself were found to be of systematic value. 

The base of the uncinus has two important characters. The anterior end, here 
termed the prow, is sometimes deep and smoothly rounded, as in 7’. triserialis 
(fig. 6 a), sometimes reduced to a knob as in 7’. comatus and sometimes absent as in 
T’. plagiostomus. Above the prow is a button by means of which the anterior end of 
- the uncinus is attached. If the prow is well developed as in 7. triserialis the button 
is dorsal in position ; if poorly developed, the button is directed obliquely forward and 
there is a deep notch between it and the end of the prow; if the prow is absent the 
button becomes terminal and is then directed forward. 

The diagnostic characters of 7’. plagiostomus may now be summarized. Three 
branchiferous segments; uncini always in a single row; notopodial setae continue 
to within a few segments of the pygidium ; uncini (fig. 6 c) with the prow absent and 
the button directed forwards, dental formula MF’: 2: 1-3; uncigerous tori of 
abdominal segments poorly developed and abdominal segments usually short. 
This species is closely related to 7’. setosus but in the latter the posterior abdominal 
segments lack notosetae and the prow of the uncinus is better developed. 
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Text-Fric. 6. 


Thelepus triserialis (Gr.). (a) uncinus. 
Thelepus pequenianus Aug. (b) uncinus. 
Thelepus plagiostomus (Schm.). (ec) uncinus. 
Thelepus comatus Gr. (d) uncinus. 
Telothelepus capensis, sp. N. 

(e) uncinus ; (f) lateral view of anterior end. 

Streblosoma hesslet, sp. n. 


(7) long form of notoseta ; (h) short form of notoseta ; (j) face view of thoracic uncinus ; (k) side 
view of thoracic uncinus ; (/) lateral view of anterior end, 
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THELEPUS PEQUENIANUS Augener. (Fig. 60.) 
Augener, 1918, p. 545, pl. 7, fig. 259, text-fig, 93. 
Thelepus sp, Mcintosh, 1905, DecOn pli, ie. 37. 
Records: Storms River, Robberg, Great Brack Kstuary, 
Infanta, Cape Agulhas, St. James, 
Bay, Zout River, Buffels Bay. 


Notes: Using the terminology explained for 7. plagiostomus, the diagnostic 
characters of 7’. pequenianus are: three branchiferous segments ; uncini always in a 
single row ; notopodial setae continue to within a few segments of the pygidium ; 
uncigerous pinnules well developed on the abdomen; uncini (fig. 66) with the 


prow and button of equal size and with a deep notch between them, dental formula 
ME: 2: 0-5. 


Mossel Bay, Cape 
Langebaan Lagoon, Paternoster, Lamberts 


THELEPUS TRISERIALIS (Grube). (Fig. 6 a.) 

Fauvel, 1927, p. 274, fig. 95 n—", 

Records : Cape Agulhas. 

Notes: The diagnostic characters are: three branchiferous segments ; uncini 
always in a single row; notosetae stop half-way along the abdomen ; abdominal 
uncini borne on projecting pinnules ; prow of uncinus broad and rounded, much 
larger than the button which is dorsal in position (see fig. 6a); dental formula 
MF : 1-3: 0-5. 

'THELEPUS comaTus Grube. (Fig. 6 d.) 

Hessle, 1917, p. 216, pl. 3, figs. 5-7; text-fig. 62. 

Records : Lambert’s Bay. 

Notes: This is a new record for South Africa but agrees well with Hessle’s 
description. The diagnostic features are: three branchiferous segments ; notosetae 
to within a few segments of the pygidium ; uncini of the first seven setigers in single 
rows but thereafter in almost complete loops or double rows ; abdominal uncini on 
projecting pinnules ; prow and button of uncinus of equal size and with a deep 
notch between them (see fig. 6 d) ; dental formula MF : 2: 11-15. 

The central tooth of the last are of denticles is enlarged and has five to seven 
minute denticles on either side of it. In side view the uncini are very like those of 
LT’. pequenianus but the front end of the base tends to curve upwards towards the 
tip of the main fang. 


STREBLOSOMA HESSLEI, sp. n. (Fig. 6 g-l.) 


Records : Robberg. 

Diagnosis : A Streblosoma with the posterior uncini in double rows. 

Description: The holotype from Robberg is 25mm. long with 73 segments. 
The breadth at the branchiferous segments is 1-5 mm. and from here the body tapers 
evenly back to the pygidium. The colour in spirit is flesh white. The tube is 
unknown. 

Most of the tentacles are missing but the remaining few are of the normal 
canaliculate type. The tentacular lobe (fig. 6/) is prominent and has numerous. 
eye-spots on its posterior surface. The first two segments are narrow and are 
compressed between the tentacular lobe and the enlarged 3rd, 4th and 5th segments. 
There are no lateral lobes. Segments 2, 3 and 4 each bear a transverse band of 
about six spiral gill filaments. Those of segment 2 extend down the sides as is 
common in the genus 7helepus and there is always a broad dorsal gap between right 
and left groups of gill filaments. 

Notosetae start on segment 2 (the Ist branchiferous) and extend over 33 segments. 
Uncini start on segment 5 (the 4th setiger) and up to segment 12 they are arranged 
in single rows, but from the 13th segment onwards each row starts to curl back on 
itself. The rows soon become U-shaped and by segment 20 form complete loops. 
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n this way. The first few uncini are borne on 
ing tori are formed, and 
the 


All succeeding uncini are arranged i 
inconspicuous ridges, but by segment 20 square, project 
the abdominal ones are on marked pinnules. The last few segments before 
pygidium are poorly developed and the anus has no obvious papillae around it. — 

Nephridial papillae were not seen. There are about 15 ventral pads starting 
from segment 2. The anterior ones are well defined but the last few are transversely 
split and poorly marked so that the exact number is uncertain. In fact the even 
taper of the body, the persistence of notosetae to the middle of the body, the gradual 
development of uncigerous pinnules and the fading of the ventral pads—all these 
slow changes make it difficult to say where the thorax stops and the abdomen begins. 

The notosetae are of two lengths: (a) short forms (fig. 6h) with broad wings 
which taper to long fine tips, and (5) long forms (fig. 6 g) with relatively narrow wings 
and short tips. Seen in lateral view (fig. 6 &) the uncini appear to have two teeth 
above the main fang. However a face view (fig. 6j) shows that there are really 
two ares of teeth, the first consisting of three large teeth and the second about eight 
minute teeth. There is a good deal of variation and the dental formula is 
MF : 2-5 : 5-9. 

This species differs from the North Atlantic S. bairdi McIntosh in the shape and 
disposition of the uncini, since the uncini of S. bairdi are arranged in single rows 
throughout and each uncinus has a base with a marked prow and dorsal button. 
According to Munro (1936, p. 183), the other species of Streblosoma are all very close 
to S. bairdi. Pseudothelepus nyanganus described by Augener (1918) from Angola 
and other parts of tropical West Africa is, according to Fauvel (1950), a synonym of 
S. persica Fauvel. It also has single rows of uncini and there are at least 38 segments 
with notosetae. It may be noted that Thelepus comatus Grube, described earlier, 
also has uncini in loops. However, in the genus T’helepus the notosetae start on 
segment 3, i.e. the 2nd branchiferous. 


TELOTHELEPUS, gen. n. 


Branchiae as in Vhelepus; no lateral lobes on anterior segments ; no ventral 
pads ; notosetae from segment 3 (2nd branchiferous) to end of thorax but absent 
from the abdomen; no uncini on the thorax but present on abdominal segments. 


TELOTHELEPUS CAPENSIS, sp.n. (Fig. 6 e, f.) 

Records: Keiskama Estuary, Knysna Estuary, Langebaan Lagoon. 

Description : The holotype comes from Langebaan Lagoon and was one of many 
specimens dug from fine white sand near the low tide mark. It is 70mm. long and 
has 144 segments ; it is 4 mm. wide at the 5th segment, and is evenly tapered to the 
posterior end. The colour in life is yellowish white, but in spirit it is uniformly pale. 
These worms do not make permanent tubes, merely temporary ones of sand grains 
stuck together with mucus. 

The cephalic lobe is frilled and elongated and usually bent back over the dorsal 
surface (see fig. 6). Numerous short fine tentacles arise from the upper recurved 
margin and mix with the gills behind and below them. Since the tentacles and gills 
are very alike, the presence of gills is not immediately apparent and the worm may be 
mistaken for a species of Polycirrus. Kye-spots are absent. 

There are two branchiferous segments corresponding to segments 2 and 3. 
Numerous branchial filaments arise from pronounced dorso-iateral bosses and there 
is an obvious mid-dorsal gap between them. There are no lateral lobes on anterior 
segments and no ventral pads. However the ventral margins of the first 11 segments 
are swollen and probably glandular. Notosetae start on the 3rd segment (2nd 
branchiferous) and extend to the 17th so that there are 15 altogether. The notosetae 
are long-winged capillaries with smooth tips and slightly wavy margins. Nephridial 
papillae are situated below and slightly behind the notopodial bundles ; they are 
conspicuous on segments 5, 6 and 7, There are no thoracic uncini at all, 
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The tapering abdomen consists of over 120 short segments. Dorsally there are 
only faint traces of segmental constrictions, but the rectangular uncigerous tori are 
well marked ventrally. There are no notosetae on the abdomen. The minute 
uncini are arranged in single rows and are of the T'helepus type but have short bases 
with a smoothly rounded prow and a small distinct button (see fig. 6e). In lateral 
view there appear to be two well marked teeth above the main fang, but a face view 
shows two ares of teeth giving a dental formula of MF : 5-6 : 8-10. 

This species with its two branchiferous segments bears a superficial resemblance 
to Thelepus cincinnatus, but the absence of ventral pads and the distribution of the 
uncini immediately marks it off from other genera of the Thelepinae. 


TRICHOBRANCHUS GLACIALIS Malmgren. 

Hessle, 1917, p. 131 ; Fauvel, 1927, p. 288, fig. 100 a-h. 

Records : Cape Agulhas. 

Notes : This is a new record for South Africa and differs in several minor features 
from the European form. Eye-spots are present and there is a pair of large ventro- 
lateral lobes on segment 1, but none on segments 2 and 3. There are no ventral 
pads. Notosetae start on segment 6 and are present on a total of 15 segments. 
Long-shafted uncini also start on segment 6. In lateral view they appear to have 
four long denticles above the blunt main fang but in reality there are three arcs o 
denticles. There is no striated hood such as described by Fauvel. 

The abdomen of the single specimen is incomplete, but the 21 setigers which do 
remain, lack notosetae but carry short avicular uncini on long square pinnules. In 
lateral view these appear to have two teeth above the main fang but a face view 
shows that the dental formula is MF: 7-8:12. According to Hessle the European 
form has a formula correponding to MF: c. 10: ¢. 20, 

This species may be distinguished from 7’. antarcticus Hessle recently recorded 
from Tristan da Cunha (Day, in press) by the possession of eye-spots and the structure 
and disposition of the uncini. 


PoLycrrRus sp. (Fig. 7 a, 0.) 

Records: Lambert’s Bay, Knysna Estuary. 

Notes: Two specimens of the genus Polycirrus were obtained from the above 
localities. They appear to be identical but the material is too poorly preserved for 
complete identification. The Knysna specimen (KNY 201) has 21 bundles of 
notosetae starting on either the 2nd or 3rd segment, six pairs of nephridia of which 

-the first three pairs are much the largest, and well marked ventral pads on the first 
eight to ten setigers. The blades of the notosetae are broad and smooth. Uncini 
are present from the 7th setiger. Thoracic uncini (fig. 7a, 6) have short, broad 
_-bases and a dental formula of MF: 1:7. Abdominal uncini have longer bases and 
more denticles, the formula becoming MF: 1: 6: 10-14. 

Two species of Polycirrus have been recorded from the South African area. 
Augener (1918) recorded P. swakopianus with six pairs of nephridia, 16 to 25 bundles 
of notosetae and rather similar uncini from South-west Africa. In this case however 
the notosetae have denticulate blades. Fauvel (1923 a) recorded P. aurantiacus 
“from Angola with three pairs of nephridia and 30 to 40 bundles of notosetae with 
smooth or faintly denticulate blades. The present specimens do not fit either of 
these and more material is necessary for identification. 


LANASSA CAPENSIS, sp. n. (Fig. 7 cf.) 


Records : Still Bay, Kommetje. 

Description : The holotype comes from Still Bay. It is a slender worm 22 mm. 
long with 86 segments and is 1-0 mm. broad at the 5th segment. The colour in spirit 
is yellowish white. . 

The tentacular lobe is unusually small and bears only 12 tentacles but these are 
stout and the dorsal ones extend back past the 20th segment (see fig. 7¢). A few 
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TExt-FIG. 7. 


Polycirrus sp. (a, b) side and face views of a thoracic uncinus. 
Lanassa capensis, sp.n. (¢, d) face and side views of thoracic uncinus; (e) side view of head . — 


and anterior segments ; (f) long form of notoseta. 
Dasychone natalensis (Kbg.). (g) part of a lateral radiole ; (h, 7) side and face views of thoracic 


uncinus. 
Dasychone violacea (Schm.). (k) part of a lateral radiole ; (J, ™) side and face views of a thoracic 


unecimus. 

Dasychone nigromaculata (Baird). (n) part of a lateral radiole ; (q,7) side and face views of a 
thoracic uncinus. 

Dasychone bairdi McIntosh. (0) part of a lateral radiole. 

Dasychone loandensis Treadwell. (ip) part of a lateral radiole, 
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indistinct eye-spots are visible. There are no branchiae nor are there any lateral 
lobes on anterior segments. Nephridial papillae were not found. There are 13 well 
marked ventral pads on segments 1 to 13 followed by a narrow glandular streak 
which persists to the 20th segment. 

Since branchiae are absent and the anterior end is somewhat wrinkled, the best 
guide to the numbering of the first few segments is the arrangement of the ventral 
pads. On this basis it appears that notosetae start on the 4th segment. They are 
present on 27 segments in all. The setae (fig. 7) are of the usual two lengths, but 
long and short forms are identical in shape. Each has a relatively short winged 
portion with a narrow striated blade beyond which the tapering shaft continues as a 
long denticulate tip. 

Uncini start on the 2nd setiger (? segment 5) and continue to the end of the body. 
They are borne on slightly swollen ridges throughout, there being no projecting 
uncigerous pinnules on the abdomen. Up to the 7th setiger the uncini are arranged 
in single rows, but thereafter they are arranged in double rows face to face. Each 
uncinus is avicular with a short base and in lateral view (fig. 7d) there appear 

to be about four long teeth above the main fang. The face view (fig. 7 c) however, 
_ shows that there are really four to five ares of denticles which are so closely packed 
that an exact dental formula cannot be given but there are about 30 denticles alto- 
gether. Abdominal uncini are very similar to thoracic ones but the base curves up 
closer to the tip of the main fang. 

This species does not altogether fit Hessle’s diagnosis of the genus Lanassa. 
In particular there are no lobes on the anterior segments. On the other hand there 
is definitely no difference in the shape of the long and short forms of notosetae such 
as occur in the related genera Proclea, Phisidia and Spinosphaera. ‘The European 
species of Lanassa, namely L. nordenskioldi and L. venusta both have fewer segments 
with notosetae, both lack eye-spots, both possess lateral lobes on anterior segments 
and both have uncini arranged in single rows throughout the body. 

This is the first record of the genus Lanassa from South Africa. 


SABELLIDAE. 


SABELLASTARTE LONGA (Kinberg). 

Johansson, 1925, p. 10, figs. 3, 5—7. 

Day, 1951, p. 63. 

Records : The Haven, Qolora, East London, Kleinmond, Port Alfred, Bushman’s 
Estuary, Port Elizabeth, Jeffrey's Bay, Mossel Bay, Cape Infanta, Arniston, Danger 
Point, Cape Hangklip, St. James. 

Notes: Johansson has .redescribed Kinberg’s type of Sabella longa, and by the 
courtesy of the Swedish State Museum I was able to check my specimens against it. 
_ A detailed examination of the uncini of the type showed that there are numerous 
denticles arranged in a series of V-shaped ares above the rostrum. Counting verti- 
cally up the crest there are nine to ten denticles and counting across the crest there 
are 13 to 14. tes j arr? 

McIntosh (1905), recorded Bispira volutacornis from the Cape. An examination 
~of the specimen, now in the British Museum showed that it is a typical Sebellastarte 
longa. 

DASYCHONE VIOLACEA (Schmarda). (Fig. 7 k—m.) 

D. foliosa Ehlers, 1913, p. 572, pl. 45, figs. 8-16. 

Sabella foliifera Kinberg, 1867, p. 353. 

D. violacea McIntosh, 1885, p. 504 (partim). 

D. violacea var. capensis Day, 1934, p. 77. 

D. violacea var. natalensis Day, 1934, p. 7s. 


Records : East London, Jeffrey's Bay, Knysna Estuary, Cape Infanta, Arniston, 
Cape Agulhas, Hermanus, Cape Hangklip, St, James, Langebaan Lagoon, Zout River, 
Buffels River, Luderitzbucht, os 
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Notes: There are three closely related species of Dasychone in South African 
waters, viz. : D. violacea (Schm.), D. natalensis (Kbg.) and D. capensis (Mcl.). The 
doubt as to whether they are all growth forms of one and the same species has caused 
considerable confusion in the synonymy. D. capensis, originally recorded from 
150 fathoms off the Cape, has not been found between the tide marks. It will be 
described fully in a subsequent paper but it may be noted here that it has fewer 
and coarser denticles on the uncini and stylodes that are more slender than those of 
the other two species. D. natalensis is easily distinguished by its spiral gills. 

Dasychone violacea has a brownish body often shading to purple anteriorly. There 
are no irregular pigment spots such as are found in D. nigromaculata, the only dark 
spots being the ocular specks between the notopodia and neuropodia. The collar 
is broadly divided dorsally and has such a shallow lateral notch that it is best 
described as sinuous in outline. It ends in rounded lappets ventrally. The gills 
consist of numerous radioles coming from a flat semi circular base, and the whole 
gill is one quarter to one-third the length of the body. An average lateral radiole has 
13 pairs of stylodes covering the same number of eye-spots. The stylodes increase 
in size from the base to the distal two-thirds of the radiole and then decrease again 
towards the tip. Each stylode (fig. 7 &) is broader at its free end than where it is 
attached to the radiole. Its length is 1-3 times the radiolar breadth, its maximum 
breadth 1-2 times the radiolar breadth, and the interval between successive pairs of 
stylodes is just over the length of one stylode. 

The capillaries are of the usual long and short types and are not distinctive. The 
uncini in lateral view (fig. 71) show short broad tails which curve downwards and 
12 to 14 rows of teeth or more accurately sharp ridges above the rostrum. In face 
view (fig. 7m) a series of 12 to 13 V-shaped rows of denticles may be seen. 

I have examined Kinberg’s typé of Sabella foliifera from Port Natal and find it 
identical with the above description. The specimens identified by McIntosh (1885), 
as D. violacea include both D. violacea and D. natalensis. The specimens described 
by me (Day, 1934) as D. violacea var. capensis and D. violacea var. natalensis are 
both D. violacea. 


DASYCHONE NATALENSIS (Kinberg). (Fig. 7 g-j.) 

Branchiomma natalensis Johansson, 1927, p. 165. 

Sabella natalensis Kinberg, 1867, p. 353. 

Dasychone violacea (non Schmarda) McIntosh, 1885, p. 504 (partim). 

Dystilia violacea (non Schmarda) Quatrefages, 1865, vol. 2, p. 423. 

Records: St. James, Oudekraal, Table Bay, Yzerfontein, Langebaan Lagoon 
Lambert’s Bay, Buffels River, Port Nolloth. : 

Notes: The only obvious difference between this species and D. violacea is that 
the gills are spiral and many authors have suggested that this species is merely a 
growth form of D. violacea. However, as shown above, the distribution is different 
and a careful comparison of many specimens of all sizes shows that the possession of 
spiral gills is not related to the size of the body and that there are also small differences 
in the form of the collar, the stylodes and the uncini. 

Asin D. violacea the stylodes reach their maximum development about two-thirds 
up the radiole. Each stylode (fig. 7g) is broadest at its free end, the proportions 
being : length 1-5-1-8 radiolar breadth, breadth 1-2-1-5 times radiolar breadth and 
the interval between successive pairs just over the length of one stylode. On inner 
whorls the stylodes are restricted to the distal parts of the radioles. The uncini 
have numerous fine intersecting ridges (not denticles) above the rostrum. In lateral 
view (fig. 7) there appear to be about 30 ridges and in face view (fig. 7j) about 
20 eee sy may be seen. The collar has a well-marked lateral notch. 

The above description was carefully checked against Kinberg’ 
natalensis kindly lent by the Swedish State Mee The type beter one 
Natal, but although this is a large and striking worm and extensive collections have 
been made along the whole coast between Port Natal (Durban) and Cape Town, this 
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species has not been discovered east of False Bay. Kinberg’s description is based 
on. Wahlberg’s specimens and the latter collected both at Port Natal and Cape Town. 


I believe that there was an error in labelling and that the type really came from 
Cape Town. 


DaASYCHONE NIGROMACULATA (Baird). (Fig. 7 7-1.) 

Dasychone corollifera Ehlers, 1913 p. 571, pl. 45, figs. 1-7. 

ae ee kee McIntosh, 1885, p. 495, pl. 380A, figs. 13-15; pl. 38A, figs. 5-6; pl. 39A, 

Danan cingulata Grube, Fauvel, 1932, p. 236. 

? Dasychone loandensis Treadwell, 1943, p. 

Records : Knysna Estuary, Mossel Bay, Still Bay, Cape Infanta, Arniston, Cape 
Agulhas, St. James. 

Notes: The suggestion has been made by me (Day, 1951) that D. nigromaculata 
and D. cingulata are synonymous. Since then an examination of the types of D. 
nigromaculata Baird and D. bairdi McIntosh, identified specimens of D. cingulata 
and further material from South Africa has confirmed that opinion. An examination 
of the type of D. loandensis Treadwell suggests that this is no more than a variety of 
D. ngromaculata. 

Baird’s type of Sabella nigromaculata comes from St. Vincent in the West Indies. 
The body is stout, irregularly flecked with purple spots and the collar is entire with 
well marked ventral lappets. Each gill consists of a single whorl of about 40 radioles. 
An average lateral radiole bears 16 pairs of stylodes which are best developed at 
the base of the radiole. Each stylode (fig. 7 7) is slender, its length varying from 
0-8-1-2 times the radiolar breadth, its breadth is about 0-2 times the radiolar breadth 
and the interval between successive pairs is about four times the length of a stylode. 
The web joining the bases of the radioles is not incized to form inter-radiolar fillets. 

Winged capillaries are of the usual long and short forms. In lateral view the 
uncini (fig. 7 q) appear to have a single tooth above the rostrum and a short tail 
which curves downwards. In face view (fig. 7 7) two ares of teeth may be seen above 
the rostrum ; the first includes three to six long teeth and the second six to eight 
minute teeth. 

In the same bottle as the type described above is another Sabellid which has 
never been examined as it is still completely within its tube. It is not a Dasychone 
but possibly a species of Sabellastarte. 

The Cape material recorded above is identical with Baird’s type with the exception 
that radiolar fillets are usually present at the edge of the web. The Natal specimens 
recorded by: Day (1951) lack inter-radiolar fillets. Specimens found in muddy sand 
are slender and specimens from rocky shores are stout. 

, McIntosh’s type of Dasychone bairdi comes from the shore of Bermuda. The body 

is slender, irregularly flecked with purple spots and the collar is entire with well 
marked ventral lappets. Each gill consists of a single whorl of about 22 radioles. 
An average lateral radiole has about 17 pairs of stylodes which reach their maximum 
development at the distal two-thirds of the radiole. Each stylode (fig. 7 0) is slender, 
its length being two to three times the radiolar breadth and its breadth about 0-2 
~ times the radiolar breadth. The interval between successive pairs is 1-5-2-0 times 
the length of a stylode. There are no interradiolar fillets. me. 

Winged capillaries include the usual long and short forms. The uncini when 
seen in lateral view appear to have two to three teeth above the rostrum and short 
bent tails. In face view two arcs of teeth can be seen ; the first has six long teeth 
and the second four small ones. , 

Treadwell’s type of Dasychone loandensis comes from St. Paul de, Loanda in 
Tropical West Africa. It is identical with the above description of D. nigromaculata 
except that it has longer stylodes and the edge of the web which unites the radioles 
is incized to form inter-radiolar fillets resembling the adjacent stylodes. An average 
lateral radiole hag 12 to 15 pairs of stylodes which are best developed at the distal 


446 i. H. DAY 


m 
m - 


TEXT-FIG. 8. 


Potamilla reniformis (Muller). (a) pick-axe seta ; (b, c) side and face views of a thoracic uncinus. 

Potamilla torelli Malmgren. (d) pick-axe seta; (e, f) side and face views of a thoracic uncinus. 

eae ae alee pa Ao unas and side views of a thoracic hook; (j, k) side and face 

Protula tubularia (Mont.) var. anomala nov. (1) dentate-bladed abdominal capillary ; (m) 
thoracic uncinus, ; 

Oridia parvula (Ehlers). (, 0) lateral and face views of an abdominal uncinus, 
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two-thirds of the radiole. At this point (fig. 7 p) the length of a stylode is four to five 
times the breadth of the radiole and the width is 0-3 to 0-7 times the radiolar breadth. 
The interval between successive pairs is | to 1-5 times the length of a stylode. The 
uncini are identical with those of D. nigromaculata. } 


BRANCHIOMMA QUADRIOCULATUM Willey. 

Monzro, 1933, p. 504, figs. 13-20. : 

B. mushaensis Gravier, 1908, p. 94, pl. 7, figs. 267-270. 

? B. vesiculosum (non Montagu) Ehlers, 1913, p. 574. 

Records : Qolora, Kleinmond, Knysna, Still Bay, Arniston, Cape Agulhas, Danger 
Point, St. James, Luderitzbucht. 

Notes: There is nothing in Gravier’s description to distinguish P. mushaensis 
from B. quadrioculatum except the number of radioles which bear eyes. This 
character varies with the size of the individual. Willey’s name has priority. 

Ehlers (1913) recorded B. vesiculosum from Simonstown without description. 
Extensive collecting in this area has revealed only B. quadrioculatum and it is 
possible that Ehlers’ record should be referred to B. quadrioculatum. 


PoTaMILLA RENIFORMIS (Muller). (Fig. 8 a—c.) 

Fauvel, 1927, p. 309, fig. 107 a-l. 

Potamilla ehlersi (? Gravier) Monro 1937, p. 366. 

Records : The Haven, Storms River, Robberg, Still Bay, St. James, Steenberg’s 
Cove, Lambert’s Bay. 

Notes : South African specimens have uncini with a cap of 10 to 12 rows of equal 
but poorly defined denticles above the rostrum (fig. 8 6,c). The blades of the 
pick-axe setae (fig. 8 a) are asymmetrical and the abdominal capillaries have wings 
which are broad at the base and then suddenly taper to long fine tips. These tips 
are four to five times as long as the broad basal part. 

Monro’s specimen from Natal, identified as P. ehlersi proved on examination to 
be P. reniformis. The bases of the abdominal capillaries were buried in the flesh 
so that only the fine tips were showing. Fine abdominal capillaries are important 
in the diagnosis of P. ehlersi and Gravier’s type should be re-examined. 


PoTAMILLA TORELLI Malmgren. (Fig. 8 d-f.), 

Fauvel, 1927, p. 310, fig. 107 m-s. 

Records : Still Bay, Cape Agulhas, Danger Point. 

Notes: This species is readily distinguished from P. reniformis not only by the 
lack of eye-spots on the radioles but also by the structure of the setae. The thoracic 
paleae are longer and narrower, the abdominal capillaries lack an expanded base 
to the blade, there are only seven to nine rows of denticles on the uncini (fig. 8, 
e, f) and the pick-axe setae are quite different. The apex is a flat striated plate 
hardly broader than the shaft and on it is a tapered blade set edgeways (fig. 8 d). 

South African material has been checked as identical with European specimens 
in the British Museum. 


FABRICIA CAPENSIS (Monro). (Fig. 8 g-4.) 

Oridia capensis Monro, 1937, p. 366, text-figs. 1-8. 

Records: East London, Port Elizabeth, St. James. 

Notes: As shown by Hartman (1951) in her revision of the Fabricinae, the genus 
Fabricia has long-shafted abdominal uncini whereas Oridia has abdominal uncini 
without shafts. Monro’s type was re-examined and found to have such long shafted. 
uneini and therefore becomes Fabricia capensis. Further amendments must be 
made to the original description. 

As stated by Monro, there are no otocysts on the first segiment but these organs 
were found embedded in the bases of the gills. The thoracic hooks in side view 
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(fig. 8 h) seem to have a blunt rostrum and two to three denticles above it. - se 
view however (fig. 8 g) it can be seen that there are a pair of large teeth side by side 
above the rostrum, and above these a cap of 12 to 14 denticles giving the formula 
MF :2:12-14. The abdominal uncini (figs. 8j, &) do not agree with Monro’s 
figure 7. Each has a curved shaft which is longer than the toothed portion. The 
latter has 18 rows of teeth with eight teeth per row. In order to see these details 
it is necessary to masserate with KOH and examine under oil-immersion. 
This species differs from F. sabella in the following respects. It is gregarious 
and builds sandy tubes twisted together; the 4th to 7th setigers are strikingly 
elongated ; there are otocysts in the bases of the gills and finally there are many 
more teeth onthe abdominal uncini. As mentioned above I’. capensis has 18 rows 
with eight per row ; in F. sabella there are six oblique rows each with four teeth. 


Orrpia PARVULA (Ehlers). (Fig. 8 ”-0.) 

Oria parvula Augener, 1918, p. 586, pl. 6, fig. 184; pl. 7, fig. 243, text-fig. 104. 

Records: Keiskama Estuary, Kleinmond Estuary, Knysna Estuary, Hermanus 
Lagoon, Strandfontein (False Bay), Milnerton Estuary, Langebaan Lagoon, Buffels 
River. 

Notes: This species is doubtfully distinct from O. armandi. There are about 
eight abdominal segments. In face view the thoracic uncini show five arcs each 
with about eight closely packed teeth above the rostrum ; in lateral view only 
four indistinct teeth are seen. Abdominal uncini lack shafts. A face view (fig. 8 0) 
shows six to nine arcs each with four to five teeth above the main fang ; in lateral 
view (fig. 8 n) there appear to be about seven teeth. 


MyxXICOLA INFUNDIBULUM (Renier). 
Fauvel, 1927, p. 342, fig. 119 a-i; Day, 1934, p. 79. 
M. michaelsent Augener, 1918, p. 589, pl. 7, figs. 263, 264; text-fig. 105. 
Records : Zwartkops Estuary. 
Notes : Typical. 


SERPULIDAE. 


SERPULA VERMICULARIS Linne. 
Fauvel, 1927, p. 351, fig. 120 a-q. 
Records: The Haven, East London, Kleinmond, Port Alfred, Jeffrey’s Bay, 


Knysna Estuary, Mossel Bay, Still Bay, Cape Infanta, Arniston, Cape Agulhas, 
Hermanus, St. James. 


Notes : Typical. 


HybROIDES DrpoMa (Schmarda). 


H ydroides (Eupomatus) dipoma Augener, 1918, p. 593, text-fig. 106. 
Hydroides uncinatus var. macronyx Ehlers, 1913, p. 582, pl. 41, fig. 1, 2. 
Hydroides spinosus (Pixell) Monro, 1933, p. 508. 


Records : Port Alfred, Jeffrey’s Bay, Mossel Bay, Still Bay, St. James. 

Notes: An examination of Pixell’s type of Lupomatus spinosus from Suez and 
Monro’s specimen of Hydroides spinosus from Still Bay, shows that they agree 
perfectly with Augener’s re-description of Schmarda’s type of Hupomatus dipoma. 


MERCIERELLA ENIGMATICA Fauvel. 
Fauvel, 1927, p. 360, fig. 123 a-o. 
_ Records: Bashee Estuary, Bushman’s Estuary, Sundays Estuary, Great Brack 
Kstuary, Breede Estuary, Milnerton Estuary. 
Notes : This species is entirely restricted to estuaries in South Africa. 
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VERMILIOPSIS GLANDIGERUS (Gravier). 
Gravier, 1908, p. 121, pl. 8, figs. 290-291 ; text-figs. 476-481. 


Records : East London, Kleinmond, Still Bay, K ve bac 
aes , Still Bay, Kalk Bay, Langebaan Lagoon. 


SPIROBRANCHUS GIGANTEUS (Pallas). 


Pixell, 1913, p. 80, pl. 8, fig. 6. 
Day, 1951, p. 65. : 


POMATOLEIOS KRAUSSII (Baird). 

Pomatoleios crosslandi Pixell, 1913, p. 78, pl. 9, fig. 10. 

Placostegus cariniferus Gray var. kraussti Baird, 1864, p. 14. 

Records : Qolora, East London, Kleinmond, Port Elizabeth, Jeffrey’s Bay, Storms 
River, Still Bay, Arniston, St. James, Cape Point. 

Notes: Baird’s type from ‘the Cape of Good Hope’ and Pixell’s co-types from 
Ras Shangam and Chwaka were examined in the British Museum and proved to be 
identical. The form of the tube has been recently described (Day, 1951). 

According to Baird, Placostegus cariniferus Gray, 1843, is identical with Placostegus 
(Pomatoceros) caeruleus Schmarda, 1861 from New Zealand. Baird found that the 
Cape material was distinct and named it var. kraussiz. I have now confirmed this 
by a direct comparison of material from the two countries. The South African 
material lacks collar setae and therefore becomes Pomatoleios kraussit. 


PROTULA BISPIRALIS (Savigny). 

P. capensis an var. tubularia McIntosh, 1905, p. 91. 

(Non) P. tubularia Montagu, Fauvel, 1927, p. 382, fig. 130 al. 

(Non) P. capensis McIntosh, 1885, p. 509, pl. 54, fig. 2; pl. 314, figs. 12-13. 

P. bispiralis (Savigny) Monro, 1937, p. 366. 

Records: East London, Danger Point, Cape Hangklip, St. James, Miller’s Point 
(near Simonstown). 

Diagnosis: A large species reaching a length of 180mm.; branchiae spiral 
with a central axis and three to ten whorls of filaments ; collar notched ventro- 
laterally forming two lateral lobes and one ventral one ; thoracic notosetae are all 
smooth-winged capillaries; thoracic uncini have a single row of 15 to 20 teeth. 
The abdominal capillaries are of two types : («) smooth-winged and (5) dentate edged. 
The latter are increasingly common posteriorly. Abdominal uncini are similar to 
those of the thorax but smaller. 

Notes: An examination of McIntosh’s type of Protula capensis dredged from 150 
fathoms off the Cape showed that it is identical with P. tubularia (Montagu). It 
differs from the shore form, P. bispiralis in having simple gills and uncini with 25 to 30 
teeth. P. intestinum (Lamarck) has gills with more than one complete whorl of 
filaments but there is no central axis, moreover the collar has not only ventro-lateral 
notches but also a median ventral one so that there are four lobes to the collar. 


PRoTULA TUBULARIA (Mont.) var. ANOMALA nov. (Fig. 8 bm.) 

Records : Robberg, Langebaan Lagoon. 

Diagnosis: Similar to P. tubularia but with fewer teeth on the uncini and a 
notch at the base of the blade of the dentate abdominal capillaries. 

Description : The type specimen comes from Langebaan Lagoon. It is smaller 
than most species of the genus being 15 mm. long and 2 mm. across the thorax. 
The tube is stout, coiled and roughly circular in section. 

Each gill consists of eight to ten radioles arising from a curved base and the 
whole gill is one-third to one-quarter of the body length. The collar and thoracic 
membranes are poorly developed. The collar has a pair of ventro-lateral notches 
and there is a split in the mid-ventral line but this is probably due to an injury. 
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Thoracic notosetae are all smooth-winged capillaries. Hach thoracic uncinus (fig. 
8 m) has a striated base, a square ended gouge and 20 to 25 teeth in a single row. 
Abdominal capillaries include a few smooth-bladed and many dentate-bladed forms 
(see fig. 81). In the latter the blade is sharply marked off from the shaft by a notch. 
This is quite characteristic and an examination of the setae of P. bispiralis, P. tubu- 
laria and P. intestinum shows that in these the dentate blade is smoothly continuous 
with the shaft. Abdominal uncini are similar to those of the thorax. 


FILoGRANA IMPLEXA Berkeley (forma Salmacina). 

Salmacina dysteri Huxley, Fauvel, 1927, p. 377, fig. 129 c—k. 

Salmacina dysteri var. incrustans Claparede, Day, 1951, p. 65. 

Records: The Haven, Kleinmond, Port Alfred, Storms River, Mossel Bay, Still 
Bay, Arniston, Cape Agulhas, St. James, Zout River, Hondeklip Bay, Buffels River, 
Port Nolloth. 

Notes : Previously (Day, 1951) it was suggested that S. dysteri and S. incrustans 
are not distinct. Since then a careful examination of the setae of European specimens 
of both species has confirmed this opinion. The setae of the Ist setiger of S. dystert 
from France when examined under oil-immersion, show a double row of eight coarse 
teeth at the base of the blade. These teeth increase in size distally and culminate 
in a single large tooth. Beyond this the blade is finely denticulate for two-thirds the 
distance to the tip. In the same bundle but coming from a separate base there are 
setae without basal teeth and blades which appear smooth in lateral view but show 
a pilose surface in face view. 

Thoracic uncini are wedge-shaped in face view with about 15 rows of teeth. 
There are six per row across the broader end and two to three per row across the 
narrower end. Abdominal uncini are smaller but broader and there are about ten 
rows of teeth, each row having about eight teeth. 

The structure of the notosetae and the uncini of S. incrustans from Monaco and 
the South African material appeared to be identical with that of S. dystert. 

McIntosh (1910) stated that Filograna implexa and Salmacina dysteri are merely 
growth forms of the same worm, differing only in the presence or absence of an 
operculum. Fauvel (1927) states that the two can be found within the same colony. 
This observation has been confirmed in material dredged in Table Bay and McIntosh’s 
conclusions are accepted. However it should be noted that in the intertidal material 
recorded here only the Salmacina form was found. 


SERPULID gen. et sp. ? 

Records : Kleinmond. 

Notes: A small part of a colony of Serpulid worms was obtained from which 
none of the worms could be extracted without damage since the tubes were small 
hard and irregularly twisted together. The size and shape of the tubes suggested a 
species of Spirorbis, but the body characters disproved this. They have not been 
identified but are sufficiently interesting to merit as complete a description as can 
be given. 

If complete the body might measure 9mm. There are seven thoracic segments 
and over 60 abdominal ones. The branchiae are very short and have four radioles 
on each side. There is no sign of an operculum but it might have broken off. The 
prostomium has two surprisingly well developed eye-spots, the collar is well developed 
and collar-setae project dorsally. These are of two kinds: (a) Serpula-like with two 
bosses at the base of the blade, and (b) slender forms with plain narrow blades 
The succeeding six bundles of thoracic notosetae are plain winged capillaries. There 
are no setae of Apomatus even on the seventh setiger. f 

Thoracic uncini are also of the Serpula type with a single series of five teeth 
Abdominal uncini are similar. Abdominal capillaries have ‘a toothed blade set at 
right angles to the shaft and in the last few segments the shaft is greatly elongated. 


| 
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SPIRORBIS BOREALIS Daudin. 


Fauvel, 1927, p. 399, fig. 135 e—n. 
S. patagonicus (non Caullery & Mesnil), Pixell, 1915, p. 354. 


Records: Hast London, Port Elizabeth, Still Bay, Cape Agulhas, Danger Point, 
St. James, Oudekraal, Langebaan Lagoon, Paternoster, Lambert’s Bay, Port Nolloth, 
Luderitzbucht. : 

Notes: Details of the uncini have proved useful in distinguishing species of 
Spirorbis. In this South African material, the plan view of a thoracic uncinus shows 
14-15 oblique rows of teeth with four teeth per row. The gouge is large and its 
end is expanded and emarginate. Abdominal uncini are smaller and (in plan view) 
broader than the thoracic ones. There are only 12-14 oblique rows of teeth but 
each row has about eleven teeth. The gouge is neither expanded nor emarginate. 

Pixell’s specimens from Table Bay are identical with S. borealis and do not 
agree with specimens of S. patagonicus from the Falkland Islands identified by 
Monro (1939). 
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SPIDERS FROM WESTERN SAMOA. 
By B. J. Marpuss, University of Otago, New Zealand. 
(Prarns 56-59.) 
[Read 7 October 1954.] 


INTRODUCTION. 


The spider fauna of Samoa is the best known of any in the south-west Pacific 
region. A considerable number of species were described by L. Koch and other 
early authors, and an extensive survey was made by Berland in 1929, based upon the 
collections made by Buxton and Hopkins during a long stay in Apia. The present 
paper describes the spiders collected during two visits, each of about two months’ 
duration, in the summers of 1945-46 and 1950-51. The time was devoted almost 
entirely to the search for spiders, and the fact that it was possible to raise the number 
of recorded species from 81 to 123 shows how inadequate our knowledge of the fauna 
of the Pacific islands is, and how tentative any zoogeographical conclusions drawn 
from our present data must be. 

The Samoan islands form a chain running roughly east and west in latitude 14° S. 
The nearest large islands are the Fijian group some 600 miles away to the south-west... 
The political division Western Samoa comprises the two main islands, Savaii and 
Upolu, and a few small islands very close to them. Most of the collecting of spiders, 
not only that described in the present paper but also that by previous workers, has 
been in Upolu. This is a high island of volcanic origin some 45 miles long by 15 miles 
wide. It has a central ridge about 2,000-2,500 ft. high, with deeply dissected slopes 
on each side ending in a narrow coastal plain. The high country is covered with rain 
forest, the coastal plain with coconut plantations, while part of the slopes is planted 
with bananas and cocoa. The temperature varies between 75° and 85° F., and the 
climate is very humid. A week was spent collecting in the rain forest region at 
Afiamalu, behind Apia, at an altitude of over 2,000 ft. Afiamalu is close to Malo- 
lolelei where Buxton did some collecting. Several species were found there which 
were not encountered at lower levels, which supports Berland’s observations (1942) on 
the importance of collecting at higher levels on these islands. Several weeks were 
spent on the small island of Manono, situated 2 miles from the western end of Upolu 
in the strait between it and Savaii. Manono is about 1 mile square and only a few 
hundred feet high, and on it only 37 species were collected as compared with 86 on 
Upolu. A few hours were spent collecting on Apolima, a still smaller island about 
2 miles from Manono, and on Nuulopa, an uninhabited islet less than 100 yards 
long. Oniy 12 and 10 species were collected on these respectively, but, curiously 
enough, each provided two species not found elsewhere. rey 

This intensive collecting in Samoa has raised the number of recorded species high 
- above that of neighbouring islands, which must surely have more species than Samoa. 
Berland (1934 a), for example, mentions 40 species from the far larger Fijian group, 
and only 102 from Hawaii and 160 from New Caledonia. Several families do not seem 
to have been recorded previously in the Polynesian region. These peculiarities are no 
doubt due to lack of information from the other islands, and until more collecting has 
been done it is useless to speculate about distribution over this area. The most 
striking discovery in Samoa was that of a mygalomorph spider, /dioctis helva, known 
previously from Fiji. Mygalomorphs are usually stated to be absent from oceanic 
islands owing to the absence of a distributive phase in the life history. 

In comparing the lists of species recorded by Koch, Berland and myself, some 
points of interest are apparent. Among the Theridiidae and Clubionidae it is curious 
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that each list contains species which do not occur in the others. Some, such as 
Nephila prolixa recorded only by Koch, may be accidental introductions which 
did not become established, but even between the visits made in 1945-46 and 1950-51 
some changes were noticed. Cyrtophora moluccensis, which is a conspicuous species, 
was much less common during the second visit, possibly owing to the fact that it was 
a much wetter summer than that during the first visit. Filistata bakeri was recorded 
for the first time on the first visit in several localities. On the second visit it was 
extremely common on the hospital buildings, where it was not present five years 
previously, nor was it collected by Buxton and Hopkins, who lived and worked in 
the hospital in 1924-25. 

Access to the literature is difficult, and, though I am indebted to Dr. L. Berland 
for copies of many of his valuable papers on Pacific spiders, in some families it has 
not been possible to be sure of the generic allocations. This is especially so in the 
Theridiidae and Linyphiidae, where it seemed best not to erect hew genera in cases 
where it may ultimately be necessary. 

Measurements were made with a micrometer eyepiece, converted to millimetres 
and given to the nearest second decimal place. The leg formula is written as the’ legs 
in order of length above the line and the leg indices below it. For example, 1 2 4 3 
indicates that leg I is the longest and leg III the shortest. The leg index is calculated 
by dividing the length of the leg by the length of the carapace. The tibial index, 
giving a measure of the stoutness of the legs, is calculated by dividing the combined 
lengths of the patella and tibia by the breadth of the proximal end of the patella. 
It is given for legs I and IV in each case. These methods of measurement follow 
those of Petrunkevitch. 

I wish to express my thanks to Dr. and Mrs. J. C. Lopdell for hospitality, which 
made a visit to Samoa possible, and for help with the collecting. Iam also indebted 
to other friends in Samoa and to my son Richard for help with collecting, to the 
University of New Zealand for a research grant towards the expenses, and to my 
wife who gave up time to the spiders during visits to Samoa for other purposes and 
who gave so much help and encouragement during the preparation of this paper. 


BARYCHELIDAE. 
Tproctis HELVA L. Koch. 


149 and 6imm.,Nuulopa. 292and1 cocoon, Lefaga Bay. 19 between Lauliiand 
Falefa, Upolu. All close to high tide mark, on rocks. : . 

The occurrence of a Mygalomorph spider on an oceanic island is very surprising. 
Various species belonging to several families occur in New Zealand, Fiji, New Caledonia 
and the islands to the north, but previously none have been recorded from the oceanic 
islands to the east. Koch records this species from Ovalau in the Fiji group, and the 
present specimens resemble his descriptions in most respects. 

The Samoan specimens were first found on the islet of Nuulopa, but, when specially 
searched for, were found at once at two widely separated localities on Upolu. Prob- 
ably it is common and widespread. All were within a few feet of high water mark 
some actually in the splash zone, either in holes in the lava or in a crust of green alga 
which grows on it. If on a bare rock, the trap-door, which is of the wafer type, is of 
plain white silk, but otherwise it is more or less covered with green vegetable matter 
The tube is of tough silk with the trapdoor at one end, the largest seen being some 
40 mm. long by 10 mm. in diameter. This differs from Koch’s figure which shows a 
curved tube with a door in the side. In one tube was a thin cocoon containing 
10 large eggs about 2-4: mm. in diameter. Development had not started on 20 Januar 7 

The way in which Jdioctis may have reached Samoa has been discussed Se 
(Marples, 1951 a). No tubes were found on tree trunks but the occurrence of the 
spider on the beach suggests that it may have been transported by floating timber a 
accidentally by canoe, Koch does not record its habitat in Fiji. io : 
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FILISTATIDAE. 

FrmIstaTA BAKERI Berland. 

92,14 in house, Apia. 49 in house, Aleipata, Upolu. 1 9 Savaii. 5 9,6 gon 
palm trunks, Manono. 33 92, 6 3 on wall of hospital, Apia, Upolu, 1951. 

This species was described by Berland (1938) from Santo, New Hebrides, and he 
recorded it later from the Austral, Phoenix and Christmas Islands. It has not 
_ previously been recorded from Samoa. In 1950-51 this species had become very 
common on the walls of the Apia hospital, where none had been seen five years before. 

The specimens agree well with Berland’s description. Three somewhat different 
females were collected from cracks in the rock close to high water mark in Fagaloa Bay. 
The position was about half a mile from a small village and there are no European 
buildings for several miles across the mountains. This makes it less likely that they 
were transported by man, which is possible in the case of /’. bakert found in houses. 
In general colour they are dark grey instead of being brown, with a pattern on the 
abdomen. The difference in colouring is quite striking, but it is essentially an 
intensification of the normal one, and, as the measurements are closely similar, it 
seems unlikely that they belong to a different species. 


ULOBORIDAE. 
ULOBORUS GENICULATUS (Olivier). 
119 and 5imm., 8 dg and 2imm., Upolu. 29, Savaii. 49 and limm., 1 3 and 
3 imm., Manono. 
This cosmopolitan species was common in buildings but was only once found out 
of doors. This was an immature male found on a tree trunk some two hundred yards 
from the nearest building. 


Unoporus BistRiatus L. Koch. 


1 2 and 25 imm., 3 ¢ and 15 imm., Upolu. 2 9 imm. and 1 3, Manono. 
1 3, Apolima. 

This species was described by Koch from Upolu, Samoa and Ovalau, Fiji. I have 
collected it also at Suva, Fiji. This is the commonest species of the genus in Samoa. 
Its very fine webs, more or less horizontally placed, were seen in the forest in many 
parts of Upolu. The webs were provided with a variable decoration. This usually 
consisted of two white bands of silk in the same straight line, one on each side of the 
centre, occasionally passing through the centre as one long band. Often, instead of 
bands, there were rows of three or four small white silken squares, the bands being 
apparently formed by the coalescence of squares. Occasionally there were three 
bands, two inclined at an acute angle to each other, with the third on the opposite 
side of the centre, and once a web was seen with four bands forming a cross. 

The colour is variable. In most specimens the carapace has dark edges and two 
dark longitudinal bands passing through the outer eyes, while the abdomen has two 
dark bands dorsolaterally, with white patches and dark streaks on the sides. In the 
darkest, the outer thirds of the carapace are dark, the abdomen is boldly marked with 
a, coarse dark reticulation and the legs show slight dark bands. In the lightest, the 
carapace does not have dark edges, and the abdomen has two rows of dark marks 
instead of the bands. 


Uxozorvus erpsposus L. Koch. 

99 and 6imm., Upolu. 1%, Manono. 

This species was described by Koch from Upolu, Samoa and from Ovalau, Fiji. 
T have collected it also from Suva, Fiji. 

The specimens were collected at various places in the forest. The webs were 
placed low down in the herbage. They were more or less horizontal and some 
10-15 cm, in diameter, As a rule, no decoration was present and the dark coloured 
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spider rested on an adjacent twig, being very inconspicuous. When disturbed it 
allowed itself to drop. The only exception was afforded by four specimens collected 
‘nthe forest near the summit of the Cross Island Road. Their webs had a decoration 
‘nthe form of a continuous row of small white silk squares. In colour they had more 
white on the sides of the abdomen than is usually present, but the species is variable 
in this respect. 

The construction of one web was watched. The spider continued to add radii 
during the construction of the notched zone, the total number finally being 36. 
Nine turns of scaffold spiral were made and 21 turns of cribellated spiral. 


ULoporus TENELLUS L. Koch. 

1 Q and 4imm., Upolu. 

Species described from Upolu by Koch. One specimen was swept in the forest 
and the others near to the coast. 


Uboporus TENuISsIMUS L. Koch. 
10 Qimm., 2 g and 3imm., Upolu. 
All the specimens were collected in forest in the hills. 


ULOBORUS MONTIFERUS sp. n. (PI. 57, figs. 11, 12.) 

19 and 1l5imm., 13 and 3imm., Upolu. Swept in the forest near Afiamalu at 
about 1,500 ft. 

Female. Length5:-17mm. Pale green all over except for white patches on each 
side of the abdomen. The colour changes to pale brown when the animal is preserved. 
Carapace ; Length 1:79 mm., breadth 1-38 mm. Low, with saddle-shaped depression 
in the centre. Anterior margin straight, posterior one indented above the waist. 
Greatest breadth behind the second coxae. Hyes: Both rows slightly procurved 
when seen from in front, anterior row slightly, posterior row distinctly recurved when 
seen from above. AME separated by about 3/2 of their diameter, and separated from 
ALE and PME by more than twice their diameter. PME separated by four times and 
from PLE by about twice their diameter. Lateral eyes separated by four times the 
diameter of ALE. Ratio of eyes, PLE: AME: PME: ALE=150: 117: 117: 103. 
Breadth of eye-group 0:80 mm. Chelicerae : Small and convex on the anterior side 
with setae near the groove. Four teeth on the prolateral and one on the retrolateral 
margin. Mavillae: Broader distally. Sternum: Length 1:05mm., breadth 
0-70 mm. Pointed behind and slightly indented opposite the coxae. Lip : Longer 
than broad, pointed in front. 

VT ey ee BO 

6:1 3:2 2:8 1:9° 


Femur Pat. & Tib. Metatarsus Tarsus Total 
i 3-20 3-40 3°32 1-02 . 
U 1:52 1-56 1-28 0-59 Ae 
I 1-10 1-02 0-87 0-37 3-36 
IV 1:73 2-08 1-60 0:46 5:87 
Tibial Index I, 8-9. Tibial Index IV, 11-7. 


Legs with a few short spines. Calamistrum about half the length 
Comb of short blunt spines on the retrolateral side of tarsus IV Ate Gistal balf-ef 
metatarsus IV. Abdomen : Length 3:34 mm., breadth 1:74mm. Dorsally directed 
sharp prominence in the mid-dorsal region of the abdomen, its height being abo it 
half 5 abdominal height. Epigynum as in figure. 3 

Male. Length 3-42 mm. Colour as in female. Carapace: Length 1- 
breadth 0-73 mm, Eyes : Posterior row dark, anterior one bale Wheto eae 
front the anterior row is slightly procurved, the posterior one is recurved, AME 
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separated from one another by slightly less, and from ALE by slightly more than their 
diameter. AME separated from PME by 4/3 their diameter. PME separated from 
one another by nearly twice and from PLE by slightly more than their diameter, 
ALE separated from PLE by more than three times their diameter. Ratio of eyes 
AME : PME : PLE: ALE=145 : 136: 131:103. Breadth of eye-group 0-62 mm. 
Sternum : Length 0-61 mm., breadth 0-44 mm. Palp : as in figure. 

tigers led OB 


5°8 3:2 2:7 1-8" 


Femur Pat.-& Tib. Metatarsus Tarsus Total 
I 2°34 2-40 2-28 0:80: 7-82 
II 1:05 1-08 0-88 0-50 3-51 
III 0-74. 0:75 0-52 0:36 Doi 
IV 1-32 1:40 1-04. 0-60 4-36 
Tibial Index T, 9-8. Tibial Index IV, 12-2, 


Legs with a few short spines, more on the dorsal side of tibia I than in female, and a 
patch of about a dozen on the middle of the prolateral side of femur I. Calamistrum 
not well differentiated and not in a concavity as in the female. Abdomen : Length 
2-16 mm., breadth 0-66 mm. Dorsal prominence not as high as in the female. 

This species differs from the others in Samoa in its green colour when alive, and 
in having the sharp dorsal prominence on the abdomen. All the specimens were 
captured in the forest in the hills near Afiamalu. Most were swept in the herbage, 
but one was seen in a horizontal web with a narrow silk band extending from the 
framework about three-quarters of the distance towards the centre. 


OECOBIIDAE. 
OECOBIUS ANNULIPES Lucas.. 
I1gimm. In house, Apia, Upolu. 
This cosmopolitan species has been recorded in Australia, New Caledonia, Pente- 
cost in the New Hebrides and Juan Fernandez. This is the first record for Samoa. 


DICTYNIDAE. 
Dictyna BIFASCIATA L. Koch. 


52 and 2imm., 1 3, Upolu. Swept from herbage in forest, plantations and 
gardens round Apia. 


SYRORISA MUMFORDI Berland. 

292 and limm., 2gimm., Upolu. Collected from webs in the thatch of a shed 
roof at Lona, Fagaloa Bay. 

This species was described by Berland (1933) from three specimens from Hivaoa, 
Uahuka and Hatutu in the Marquesas. The present specimens correspond closely 
to his description. They differ in having three teeth, the central one about twice 
the size of the lateral ones, on the promargin of the cheliceral groove and two small 
“ones on the retromargin, instead of two and one as in Berland’s specimens. The 
PME are 3/2 diameters apart instead of 1 only. In the males the PME are one 
diameter apart. 


OONOPIDAE. 

GAMASOMORPHA LORICATA L. Koch. 

29, Upolu. In forest at about 1,500 ft. 1g, Nuulopa. 

Recorded also from the Marquesas, Australs, Mangareva, Pitcairn, Lord Howe and 
Australia. The palp of the male seems to correspond to that figured by Berland 
(1933) from the Marquesas. ; 

JOURN, LINN, SOC,— ZOOLOGY, VOL, XLII, 32 
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ISCHNOTHYREUS LANUTOO Sp. 0. (Pl. 56, figs. 3, 14.) 

29, Upolu. In forest at about 1,500 ft. 

Female. Length 2:35 mm. Carapace, legs, dorsal shield of abdomen, sternum and 
ventral surface of abdomen anterior to the posterior spiracles, light brown, rest of 
abdomen paler. Carapace : Length 1-09 mm., breadth 0-94 mm. Rises to a peak 
opposite to the second pair of legs. The eye-group is close to the anterior margin and 
no clypeus is visible in dorsal view. The clypeus height is about 1/3 the diameter of 
the AME. _ Six stout bristles directed inwards and downwards arise along the anterior 
border. Eyes: Six,all pale. In a compact group, practically touching. The AE are 
obliquely placed in front, the PE in a procurved line behind. The space in the middle 
of the group and around the PME is black. Ratio of eyes, AE: PME: PLE=108: 91: 
83. Width of eye-group 0-29mm. Chelicerae : Small and directed downwards. 
Six curved bristles along the prolateral margin of the groove. Mazillae : Inclined 
inwards but not meeting in front of the lip. Conspicuous brown serrula, Sternum : 
Length 0-65 mm., breadth 0-63 mm. Rounded. Prolonged dorsally as a thin bar 
between coxae III and [V and as a broad band behind coxa IV which is thus encircled. 
The sternum is covered with hairs. Lip: Rounded, broader thanlong. Palp: Tricho- 
bothrium on tibia. No claw. 

Lega: 4 V2 8 

3:3 2-6 2-6 2-1° 


Femur Pat. & Lib: Metatarsus Tarsus Total 

I 0:88 1-19 0-51 0:23 2°81 

II 0-87 1-07 0-64 0-22 2-80 

III 0-80 0:89 0:37 0:24 2-30 

IV 1-11 1-36 0-88 0-34 3°69 
‘Tibial Indes Loli), Tibial Index IV, 7-9. 


Trichobothria: One at the distal end of the metatarsus and two on tibiae I 
and II, three on tibiae ITT and IV. Spines: leg I. Prolateral surface of the femur 
with two large and one small spine, the small one being distal and the most proximal 
arising about the middle. The long ones are about 1/3 the length of the femur. 
Retrolateral surface of the femur with three similarly situated spines about half the 
size of the prolateral ones. Both surfaces of the tibia with four very long spines, 
the proximal one about 2/3, the distal one less than 1/2 the length of the tibia. 
Both surfaces of the metatargus with two very long spines, the distal one almost as 
long as the metatarsus. Two claws on an onychium, each, except on the last leg, 
with two large pectinations. Abdomen: Length 1-26 mm., breadth 0-93 mm. 
Evenly covered with hair. Posterior spiracles joined by a slightly procurved groove, 
anterior ones by a recurved one. Genital opening with a dark red-brown spot with 
superposed procurved crescent. The name suggested is from Lake Lanutoo, near 
which the specimens were collected. 


OONOPINUS OCEANICUS sp. n. (Pl. 56, fig. 6.) 
O ¢ . 
19, Upolu. 19, Manono. 29, Apolima. In moss and under stones. 


Female. Length 1-98 mm. Pale yellowish brown, narrow black borders to eyes 
abdomen slightly reddish. Carapace : Length 0-73 mm., breadth 0-57 mm. Clypeus 
about 1/5 the breadth of the eye-group. Hyes ; Six practically touching as in figure 
AE about their diameter apart. Ratio of eyes, AE: PME: PLE=72 : 72 : 61. 
Breadth of eye-group 0:22 mm. Chelicerae : Conical and close together in the middle 
line proximal to the oblique grooves. Mawillae: Converging and almost meeting 
Lip: Triangular. Sternwm : Rounded, and broad behind so that coxae IV are well 
separated, Palp: Some of the bristles on the prolateral surface somewhat longer 
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than the rest, three each on the patella and tibia somewhat as figured by Petrunkevitch 
(1929) for O. spinimanus, 2 trichobothria‘on tibia. 
eg: Ap 1. 2. 3 
2-6 2-1 2:0 1-8 ° 


Femur Pate oo Lib. Metatarsus Tarsus Total 

I 0:43 0-52 0:30 0-28 1-54 

II 0:40 0-49 0-30 0-25 1-44. 

III 0-40 0-43 0-22 0:27 1-32 

IV 0:54. 0-59 0-48 0:27 1-88 
Tibial Index I, 17-7. Tibial Index IV, 14-9. 


Two claws on onychium surrounded by feathery and sometimes hooked bristles. 
Pectinated with three teeth in a single row. The prolateral claw in the part distal to 
the teeth is ridged like a file on its retrolateral surface. One trichobothrium at the 
distal end of the metatarsus and two on the tibia. Abdomen - Length 1-04 mm., 
breadth 0-67mm. Oval. Spinnerets long, posterior pair the longest. Brown 
patch on each side near their base. Spiracles not certainly to be distinguished, but 
apparently at the ends of faint parallel grooves near the anterior end. 


ORCHESTINA VAINUIA sp. n. (PI. 56, figs. 4, 5.) 
19,13, Afiamalu, Upolu. In moss in river gorge. 


Female. Length 1:12 mm. approx. Pale yellowish brown, reddish brown round 
eyes. Carapace: Length 0-55 mm., breadth 0-40 mm. Oval and smoothly domed. 
Clypeus low, about 2/3 diameter of ME. Eyes : Six, all pale. In contact, arranged 
as in figure. Ratio of eyes, ME: MLE: LE=98: 80:77. Breadth of eye-group 
0-23mm. Chelicerae: Joined at the base. No teeth on the groove, but there is a 
rounded ridge at the ventral end of the prolateral margin. There is a row of bristles 
close to the prolateral margin, nothing on the retrolateral one, and a large plumose 
bristle arising near the base of the fang and lying more or less parallel to it. Mawillae : 
Longer than lip, converging slightly. Ends truncated obliquely and with scopulae. 
lip: Free, longer than broad. Sternum: Length 0-27 mm., breadth 0-25 mm. 
Heart-shaped, convex, somewhat keeled between the fourth coxae, where it has the 
longest bristles. Palp: No claw. Three trichobothria on the tibia. 

hegsne 4-- 2. 1 3 

30 2-6 2-4 1-9 © 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 0-41 0:45 0:30 0-18 1:34 

II 0-41 0-47 0:35 c 0-18 1:41 

Til 0:27 0:34 0:26 0:17 1:06 

IV 0-51 0:48 0:40 0-19 1:58 
Tibial Index I, 10-0. Tibial Index IV, 12-2. 


Two claws on an onychium, pectinated and surrounded by pectinated bristles. 
J. One spine and a trichobothrium at the distal end of metatarsus, two dorsal tricho- 
bothria on tibia. II. Same, but one trichobothrium on tibia. III. Three 
trichobothria on tibia. IV. Three spines at the distal end of metatarsus and one 
trichobothrium, three trichobothria on tibia. Femur much broader than those of the 
other legs, its length being 2-4 times its breadth.. Abdomen: Length 0-57 mm., 
breadth 0-45 mm. Petiolus rather long and thin. Abdomen oval. Long cylindrical 
spinnerets, almost equal in length, arising close together with long bristles around 
their base. No colulus. Anal tubercle less than half the length of the spinnerets. 
The genital region consists of a transverse furrow anterior to which the cuticle is 
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slightly thicker. The anterior spiracles appear to be situated anterior to its ends, the 
posterior ones closer together and slightly behind it. 

Male. Length 1:05 mm. approx. Pale yellowish brown, carapace with thin dark 
margin, faint pattern consisting of three longitudinal streaks behind the eyes and a 
faint reticulation elsewhere. Carapace : Length 0-51 mm., breadth 0:'37mm. LHyes : 
Ratio, ME: MLE: LE=87: 71: 64. Breadth of eye-group 0-22 mm. Sternum : 
Length 0-27 mm., breadth 0-25 mm. 

107 ne es ke 

2-8 2-6 25 1-9" 


Femur Pat. & Tib. Metatarsus Tarsus Total 
i 0:36 0-42 0-30 0-19 (hepa 
II 0:37 0-39 0-31 0-18 1-25 
Til 0:26 0-30 0:23 0-14 0:93 
IV 0:45 0-40 0:34 0-19 1:38 
Tibial Index I, 10-4. Tibial Index IV, 11-2. 


Femur IV is much broader than the others, its breadth being about 1/3 the length. 
Abdomen : Length 0-54 mm., breadth 0-42 mm. The spiracles could not be made out 
with certainty but a large tracheal tube could be seen arising halfway along the 
abdomen and breaking up into many small tubes before entering the petiolus. 

The name suggested is from the Samoan words for large leg. 


TETRABLEMMIDAE. 


HEXABLEMMA CASTANEA sp. n. (PI. 56, figs. 1, Dm Ley 

29 and limm., Upolu. 29, 23, Manono. 23, Apolima. Under stones. 

Male. Length 0-:98mm. Bright reddish brown. Carapace : Length 0-67 mm., 
breadth 056mm. Steep clypeus, in height about 2/3 of the breadth of the eye-group. 
The carapace rises to a peak opposite to the second pair of legs, and the peak has 
a small dark blunt hook anda long spine. The carapace and sternum are covered 
with a fine hexagonal sculpturing. Hyes : Six, all pale, arranged in a strongly recurved 
line. Seen from in front the four middle ones form a slightly procurved line. Eyes 
practically touching. Ratio, MLE: ME : LE=66 : 49:43. Chelicerae : Small and 
directed downwards. Large triangular lamina at the ventral end of the groove, 
its apex touched by the tip of the fang. A small conical projection on the prolateral 
surface not far above the articulation of the fang. Mawillae: Stout and converging, 
abruptly truncated at the anterior ends. Lip : Free, broader than long. Sternwm : 
Length 0:37 mm., breadth 0-39 mm, Convex. Palp : as in figure. 

Lege) Ak eS 

2312.2 2 ls 


Femur Pat. & Tib. Metatarsus Tarsus Total 


I 0-47 0-52 0-24 0-25 1-48 
vail 0-44 0:48 0-22 0-26 1:40 
Il 0-34 0:39 0-20 0:22 1-16 
IV 0-47 0:53 0-28 0:29 0-57 

Tibial Index I, 19-2. Tibial Index IV, 14-4. 


Onychium with three claws, the upper ones pectinated in a single row with six 
long teeth. Serrated bristles on the tarsus and metatarsus. Three trichobothria 
on the tibiae, no spines on the legs. Abdomen: Length 0-84 mm., breadth 0-62 mm. 
Dorsal surface covered with a large plate, behind which are three narrow transverse 
plates. Ventral surface covered for more than half its length by a large plate 
behind which is a narrow transverse plate followed by a broader one, The six 
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Spinnerets lie in a circular opening in a more or less conical plate. Along each 
side, between the tergal and sternal plates, are four narrow strips, the three dorsal 
ones ending close to the ends of the narrow tergal plates, the fourth near to the end 
of the narrow sternal plate. All the plates are bright reddish brown, the areas 
aes being much paler, so they are clearly visible. Six spinnerets, colulus 
absent. 

Female. Length 1:15mm. Colour and shape as in male. Carapace: Length 
0-52 mm., breadth 0-41 mm. Hyes: Asinmale. Ratio, MLE : ME : LE=60: 56: 50. 
Chelicerae: As in male without the conical projection. The anterior margins of 
the base, where the chelicerae touch one another, dark and thickened. Sternum : 
Length 0:30 mm., breadth 0:28 mm. 

Hise CE ee eee 

2-4 2-2 1:9 1:8° 


Femur Pat. & Tib. Metatarsus Tarsus Total 
I 0-40 0:36 0-18 0-19 1-13 
II 0-28 0-34 0-17 0-19 0-98 
Til 0:29 0-30 0-15 0-17 0-91 
LY 0:38 0-45 0-22 0-21 1-26 
Tibial Index I, 14-4. Tibial Index IV, 11-5. 


Abdomen: Length 0-77 mm., breadth 0-60 mm. Arrangement of plates as in male. 
In a potash preparation the female opening was visible as a notch in the posterior 
margin of the large ventral plate and the lung openings near its anterolateral margins. 
The posterior spiracle appears to be a minute median opening behind the last ventral 
plate leading to a short tube, from which arise some minute tracheal tubes. 

UNNAMED SPECIMEN ? gen. et sp. n. 

1 gimm., Apolima, under stone. 

Immature Male. Length 1-4mm. approx. Pale yellowish brown. Carapace : 
Length 0-67 mm., breadth 0:56mm. In profile the middle line slopes steeply up 
to the eye-group, remains more or less horizontal as far as the level of the second 
legs, where there is a very slight blunt hook, and then slopes gradually down to the 
posterior margin. The clypeus is 3/2 times the breadth of the eye-group. LHyes : 
four, arranged ina circle, the central space being black. AE separated by about 2/5 of 
their length, PE by about their length. Ratio of eyes, AE: PE=40: 28. Breadth 
of eye-group 0-07 mm. Chelicerae: Groove not very oblique. Mazillae: Converging 
to meet above the lip. Lip: Triangular, broader than long. Sternum: Length 
0-31 mm., breadth 0:34 mm. Convex, rounded behind so that the bases of the last 
legs are well separated. Palp: Terminal joint somewhat swollen. No claw. 

Beja oA alt et ES 


2-2 2-0 18 1-7 
Femur Pat. & Tib. Metatarsus Tarsus Total 
a 0°34 0:33 0-17 0-22 1-07 
it 0:35 0:33 0-12 0-15 0:96 
Til 0-29 0-28 0-17 0-18 0-92 
IV 0:35 0:34 0:27 0-21 1:17 
Tibial Index I, 24-1. Tibial Index IV, 17-4. 


Three claws. Upper ones apparently pectinated ina single row. Six pectinations on 
I. Onychium and pectinated bristles present. Abdomen : Length 0-59 mm. 
approx., breadth 0-46 mm. Apparently heart-shaped with an anterior indentation. 
The posterior end is damaged and the spinnerets cannot be seen. Cuticle thin, but 
folds outline areas corresponding as far as can be seen to the plates in the previous 
species. 
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This species differs from the previous one in the number and arrangement of its 
eyes. It differs also from T'etrablemma in that the eye-group 1s placed normally 
instead of upon the apex of the carapace. If it is new it seems undesirable to base 
a species upon a single immature and damaged specimen, but it is placed here on 
record. 


SCYTODIDAE. 
LOXOSCELES sp. 
limm., Manono, limm., Savaii. L. rufescens is recorded from Samoa by both 
Berland and Kulczynski. 


ScyTopDES sTRIATIPES (L. Koch). 


16 2 and Ilimm., 6 g and 1imm., Upolu, in houses at Aleipata, Afiamalu and 
Apia. 39,14, Manono. 39,14, Nuulopa. 19, Apolima, 2 3, Savail. 

They were living in cracks between planks in houses, and the web consisted of 
a tangle of fine threads two or three inches across. Often in an angle between the 
planks they had a silken tunnel, open at both ends, not leading to the hole in which 
they lived. The coccoons were carried in the palps, and two contained 34 and 
20 eggs respectively. On Manono they were collected from the cracks on palm 
trunks. The specimens from Nuulopa had spotted abdomens and ringed legs, that 
from Apolima had a dark patch on the patella and end of tibia, but they seem to 
correspond otherwise to this species. 


ScyTODES MARMORATA L. Koch. 
1g and limm., Upolu, in house at Afiamalu. 


OCHY ROCERATIDAE, 
CERULEOCERA gen. n. 


Chelicerae with seven teeth and a triangular lamina on the promargin of the groove, 
no teeth on the retromargin. Lip notched. Posterior spiracle equidistant between 
the genital furrow and the colulus. No tarsal papilla. Spermathecae thin walled 
and simple, vagina more conspicuous. Anterior border of male genital opening 
with six papillae. Male palp with elongated pyriform tarsus and bulb, and with 
several special spines. Epigastric lyriform organs in two groups of seven each. 

This genus is remarkable for the simple and thin-walled spermathecae, while 
both the tarsus and bulb of the male palp are elongated and pyriform, and there 
are spines but no apophyses. ‘Type species: Ceruleocera ransfordt. 

The name is suggested because of the blue colour of the type species, with the 
ending customary in this family. 


CERULEOCERA RANSFORDI sp. n. (PI. 56, figs. 11, 15.) 


2192 and 7imm., 83 and 5imm. From under stones and logs in the forest or 
plantations at several widely scattered localities in Upolu at all altitudes. One was 
collected in a cave near Afiamalu in total darkness about 50 yards from the entrance. 
49 and 1 3, Manono. 

Female. Length 2-73 mm. The general impression of the colour is that it is 
blue. The abdomen is a dark dull blue, with two oblique followed by three 
transverse lighter blue markings on the dorsal side. The carapace is broadly 
bordered with dark bluish grey and is the same colour along the mid-dorsal region 
so that two oval lighter areas are left. The space within the eye group is black, 
the legs are greenish. The under-side is dark except for an oval area in the 
middle of the sternum, and, in light coloured specimens, spots at the edges of the 
sternum opposite to the coxae. The specimen from the cave was darker than those 
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from the surface, and two other specimens appeared brownish rather than blue. 
Carapace: length 1:01 mm., breadth 0-89mm. Height of clypeus more than 
2/3 the breadth of the eye-group. Eyes: six, homogeneous. Anterior row slightly 
procurved. AME about 1/4 of their diameter apart and about 1/2 of their diameter 
from ALE. Lateral eyes touching. PLE more than three times their length apart. 
Ratio of eyes, AME: ALE: PLE=80: 80:68. Breadth of eye-group 0-35 m.m. 
Chelicerae: apparently slightly united at the base, but overhung by the edge of the 
carapace. Seven teeth and a triangular lamina on the promargin of the groove, no 
teeth on the retromargin. Mawzillae: Converging but not meeting above the lip. 
Slight serrula. Lip: Free. Broader than long, notched anteriorly. Sternwm : 
Rounded. Length 0-63 mm., breadth 059mm. Palp: Without claw. Tibia with 
one dorsal and two retrolateral trichobothria at the distal end, and two dorsal at the 
proximal end. 


egccae Loe Lee eS 
6-4 6-0 5-2 45. 


Femur Pat. &-Fib. Metatarsus Tarsus Total 

li 1:83 2-34 1:35 0-89 6:42 

IL 1-60 1-86 1-09 0:70 5-25 

EEL 1-4] (Loses 0:89 0-68 4-53 

IV 1-81 2-09 1623 0:90 6:03 
Tibial Index I, 4-9. Tibial Index IV, 5-3. 


Legs without spines. Trichobothria : one on metatarsus, five on tibia, one distal, 
three proximal and one central. The fourth leg has three distal trichobothria on the 
tibia. Onychium with three claws and spurious claws. Upper claws with two teeth in 
asinglerow. Abdomen: Length 1:73 mm., breadth 1:40mm. Rounded, the spinnerets 
hardly visible in dorsal view. Spiracles and epigynum visible in the cleared skin. No 
lungs, anterior spiracles slightly anterior to the genital furrow, posterior one halfway 
between it and the colulus. In the cleared skin no thickenings are apparent in the 
genital region and so the details are uncertain. The most obvious feature is the vagina, 
a stout tube with finely ridged walls, whose diameter, after it has extended for 
a short distance, is abruptly reduced to about one-half. The spermathecae are 
short and directed forwards, one opposite to each end of the genital furrow. The 
tube leading to the spermatheca appears to be short, and in some specimens, what 
appeared to be the glandular section could be discerned in it. Colulus large. 
Anterior spinnerets longest, posterior ones truncated and with 21 conical processes, 
each tipped with a bristle, in a row along the edge. Anal tubercle small. In the 
epigastric region are two groups of lyriform organs, each consisting of a large transverse 
slit with a curved row of six smaller ones lateral to it, running longitudinally. 
Tracheal system: Four tubes arise from each anterior spiracle and supply only the 
anterior dorsal part of the abdomen. The posterior spiracle appears to be a slit 
with expanded ends leading into a rectangular atrium. Large tracheal tubes arise 
from the anterior corners of the atrium and divide at once into four tubes running 
forward to the thorax, and a lateral one. This divides into two tubes which supply 
the anterior and posterior parts of the abdomen. The eight tubes which pass through 
the petiolus extend through the thorax and send a minute branch into each leg. 
They also give off a few branches in the abdomen. ; 

Male. Length 253mm. Colour similar to that of the female. Carapace : 
Length 1:16 mm., breadth 1-04 mm. Height of clypeus 6/7 of the breadth of the 
eye-group. Hyes: As in female. AME about 1/4 of their diameter apart, and 
about 1/2 of their diameter from ALE. Lateral eyes touching. PLE less than 
three times their diameter apart. Ratio of lengths of eyes, ALE: AME : PLE 
87:85:84. Breadth of eye-group 0-40mm.  Chelicerae, mazxillae and lip : 
Asin female. Sternwm: Length 0-62 mm., breadth 0-68 mm. Palp : As in figure. 
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Two long spines arising at the middle of the retrolateral surface of the tibia and 
two claw-like ones near the end of the tarsus. 
eget, Wy eA 


7-4 6:8 5:9 4:9 
Femur Pat. & Tib. Metatarsus Tarsus Total 
I 2-51 3-00 1-92 1-11 8-54 
He 2-20) 2-36 1-43 0-91 6-90 
Til 1-70 1-92 1-24 0-80 5:66 
IV 2-32 2-76 1-69 1-12 7-88 
Tibial Index I, 4:8. Tibial Index IV, 5-5. 


Abdomen: Length 1-60 mm., breadth 1-14mm. Anterior border of the genital 
opening with six conical papillae each tipped with a bristle similar to those of the 
posterior spinnerets. Eggs: The ball of eggs, with no visible silken covering, is 
carried in the palps. Three groups consisted each of 11 eggs or spiderlings and one 
included an infertile egg. 

I have named this species for my wife. 


APIACERA gen. n. 

Chelicerae with six teeth and a triangular lamina on the promargin, two teeth on the 
retromargin. Lip notched. Posterior spiracle nearer to the genital furrow than to 
the colulus. No tarsal papilla. The anterior border of the male genital opening 
with two papillae. Male palp without special spines or apophyses, bulb rounded. 
The outer chitinous part of the spermatheca extending round to the anterior dorsal 
region of the abdomen. Epigastric lyriform organs in two groups of three. 

This genus is very close to Speocera Berland, but differs in having no tarsal papilla, 
two instead of three papillae on the anterior border of the male opening, and the bulb of 
the male palp rounded instead of pyriform with an elaborate point. Type species 
Apiacera minuta. 

The name is based on Apia, the capital of Western Samoa. 


APIACERA MINUTA sp.n. (PI. 56, figs 7, 8, 9, 10, 12.) 


129,23, Upolu. limm.,Manono. 22andlimm.,1 3, Nuulopa. All collected 
under logs or stones. 


Female. Length 16mm. Pale yellowish brown to reddish, the reddish colour 
forming a narrow border to the carapace and more or less well-marked radiating lines 
on its dorsal surface. Legs uniform. Area in the centre of the eye-group, black. 
Carapace: Length 0-78 mm., breadth 0-64mm. Height of the clypeus slightly 
more than half the breadth of the eye-group. Zyes: Six, homogeneous. Anterior 
row slightly procurved. Eyes touching, PLE separated by twice their length. 
Ratio of lengths of eyes, AME: ALE: PLE=60: 60:56. Breadth of eye-group 
0:22 mm. Chelicerae: United at the base. Two minute teeth on the retromargin 
of the groove, six teeth and a triangular lamina on the promargin. Mazillae: Con- 
verging but not meeting above the lip. Slight serrula. Zip: Broader than long, 
free, notched anteriorly. Sternwm: Rounded, 0-45 mm. in diameter. Palp: 
Without claw. Tibia with one trichobothrium on the dorsal side at the proximal end 
and two dorsal and two retrolateral at the distal end. 

Legs? 4 1° 2 3 


3:9 3-7 3-4 3-1 
Femur Pat. & Dib. Metatarsus Tarsus Total 
I 0:83 1-04 0:58 0-44. 2-90 
II 0-78 0:93 0-50 0:42 2-63 
Til 0-71 0:78 0:49 0-41 2°38 
IV 0-88 1-11 0-65 0-45 3°10 


Tibial Index I, 9-2. Tibial Index IV, 8-6. 
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Legs without spines. On alllegs, one trichobothrium distally onthe dorsal side of the 
metatarsus, and on the tibia two proximal, one distal and one one-third of the distance 
from the proximal end. The fourth leg has two trichobothria atthe distal end of the tibia. 
Three claws and spurious claws on an onychium, the upper claws pectinated in a single 
row with six teeth. No tarsal papilla, as described by Machado (1951) in other members 
of the family, could be distinguished. Abdomen: Length 0:88 mm., breadth 
0-70 mm. Rounded, the spinnerets scarcely visible in dorsal view. Genital region 
with a number of transverse folds or ridges, from each end of which a brown line 
extends upwards to end in a hook dorsolaterally above the waist. In the cleared 
skin this line is seen to be the outer chitinized part of the elongated spermatheca. 
Of the other three parts, the membranous part is relatively short. In the specimen 
examined one vesicle was directed forwards and the other back, but this may have 
been due to accidents of preparation. The anterior spiracles are anterior and slightiy 
dorsal to the ends of the genital furrow, the posterior one about one-third of the 
distance from the colulus to the furrow and nearest to the furrow. The colulus is 
large. The anterior spinnerets are the longest and the posterior ones are in the form 
of rounded flaps bearing along the edge ten conical processes each tipped with a 
bristle. Anal tubercle small. In the epigastric region are two groups of lyriform 
organs, each group consisting of three slits radiating from a point. Tracheal system : 
Three tracheal tubes arise from each anterior spiracle and supply the anterior dorsal 
part of the abdomen. The posterior opening consists of a slit, or very shallow 
atrium, whose ends are the spiracles. A bunch of tracheal tubes arises from each 
end of the slit, one runs back towards the spinnerets, and the rest, about eight, run 
together to the pedicel. They sweep outwards round the genital region, then in 
again to the middle line where they run forward with the bundle from the opposite 
side. In the cephalothorax many of the tubes pursue a curious course, bending 
over to one side of the body before passing across to the opposite one. A very 
similar arrangement is figured by Machado (1951) for Speocera vilhenar. 

Male. Length 1:6mm. Colour, pale yellowish brown with slight reddish 
markings. Legs uniform. Black area in the centre of the eye-group. Carapace : 
Length 0-77 mm., breadth 0:63 mm. Height of clypeus slightly more than half of 
the breadth of the eye-group. Hyes : AME touching, separated from ALE by about 
1/2 of their breadth. PLE touching ALE. Ratio of lengths of eyes, AME: ALE: 
PLE=45 : 45:37. Breadth of eye-group 0-22 mm. Chelicerae, maaillae and 
lip as in female. Sternwm rounded, 0-45 mm. in diameter. Palp.: As in figure. 
Bulb rounded, no special spines present. 

pease 4d 2 3 


3-9 3-6 3:3 3-1 
Femur Pat. & Tib. Metatarsus Tarsus Total 
if 0-87 1-03 0:50 0-40 2-80 
dWe 0:80 0-94. 0-45 0:38 2-57 
TE 0:73 0:75 0-54. 0:35 2:38 
IV 0:92 0:97 0:66 0:46 3:01 
Tibial Index I, 8-9. Tibial Index IV, 9:5. 


Abdomen: Length 0-84 mm., breadth 0:73 mm. Anterior border of the genital 
opening with two conical processes each tipped with a bristle, similar to those on the 
posterior spinnerets. Eggs: The female carries the cocoon in the palps. Three 
were carrying groups of four or five spiderlings. These were arranged in a perfect 
ball with all the heads one way and the ventral sides inwards. They were of a 
uniform pale colour. ; 
PHOLCIDAE. 

ARTEMA MAURICIANA Walckenaer. 

29 and 5imm., 24, Upolu. 39, 14, Manono. 1g and 2imm., Savaii. All 
collected in houses. 


466 B. J. MARPLES 


Puotcus aANncoratts L. Koch. 

82 and 6imm., 6d, Upolu. 13, Savaii. 4 © and 4imm., 34, Manono. 
Common between the roots and buttresses of forest trees from sea level up to the top 
of the island. One immature specimen was collected in the cave near Afiamalu 
in total darkness. Its markings are much less distinct than those of specimens in the 
open. Two cocoons examined contained 32 and 27 eggs respectively. 


SMERINGOPUS ELONGATUS Vinson. 
69, 14, Upolu. 192, 14, Manono. 2¢imm., Savaii. Common between the 
roots and buttresses of forest trees. One cocoon contained 16 eggs. 


HoLOCNEMINUS MACULATUS sp. n. (PI. 56, figs 13, 18, 20; 217) 

59,14 and 1imm., Nuulopa, under stones. 

Female. Length 2:15mm. Yellowish — brown. Black around the eyes. 
Carapace with brown Y-shaped mark behind the eyes and three brown spots laterally. 
Abdomen with double row of faint brown squares on the dorsal side and many 
small spots lateral to them. Sternum pale brown, epigynal plate red-brown. Legs 
pale brown with a darker band with pale margins towards the distal ends of the 
femora and tibiae. Carapace: Length 0-85mm., breadth 0-80 mm. Dorsal 
Y-shaped groove separating a distinct cephalic region and two domed postero-lateral 
regions. Clypeus long and sloping, 5/4 times the breadth of the eye-group. Hyes: Hight. 
Seen from above both rows slightly recurved. AME separated by about their 
diameter from one another and from ALE. Other eyes more or less in contact. 
Ratio of eyes, PLE: ALE: PME: AME=108: 92 : 90: 47. Breadth of eye-group 
0-31 mm. Chelicerae: Long and fused together for more than half their length. 
The outer side is convex and has seven dark brown ridges in the horizontal plane, 
forming a stridulating organ. A small spike at the proximal end of the femur of the palp 
evidently rubs against this. Mazillae : Converging above lip. Lip : Broader than 
long, fused to sternum. Sternwm: Length 0-42 mm., breadth 0-57 mm. Broadly 
truncated behind so that coxae IV are widely separated. Palp: No claw. Tarsus 
large and swollen, tapering to a point, greyish brown. Tibia with two trichobothria. 

es oe ee 

9-4 7-2 6-8 5-4 


Femur Pat. & Lib. Metatarsus ‘Tarsus Total 

I 1:98 2-46. 2-72 0-80 7:95 

ial 1-60 1-73 1-92 0-55 5:80 

1 1:31 1-32 1-53 0:43 4:59 

Vs 1-83 1-79 2-01 0-52 6-14 
Tibial Index I, 4:4. Tibial Index IV, 6-3. 


Legs without spines. The bristles have two branches or spurs near the base which 
lie along the main shaft. Two trichobothria near the proximal end of the tibia 
and 1 at the middle of the metatarsus. Tlarsus with several false segmentation lines. 
Three claws on onychium with pectinated hairs. Dorsal claws pectinated in a single 
row with seven teeth, the ventral with one. The distal half of metatarsus IT has a row 
of recurved hairs on its dorsal surface similar to those figured by Petrunkevitch (1929) 
for Modisimus sexoculatus. Similar ones, but fewer and less curved, occur on 
Nat: a ek none on the other legs. Abdomen: Length 1-29 mm., breadth 
15 mm. ounded with ventral group of spin ‘ ig 
SEN erour pinnerets. Large epigynal plate as 

Male. Length 1:60mm. Colour as in female except legs of an even brown. 
Carapace ; Length 0-76 mm., breadth 0-75 mm. As in female except for the clypeus 
which has a strong tooth-like process over the base of each chelicera and two con- 
verging rows of three blunt teeth near the middle line, as in figure. Hyes: Seen 


from above the anterior row is recurved, the hind row straight. AME separated. 


SPIDERS FROM WESTERN SAMOA 467 


by half their diameter from one another and from ALE. Other eyes more or less 
in contact. Ratio of eyes, ALE : PLE’: PME: AME=125: 100: 86:46. Breadth 
of eye-group 0:29mm,. Chelicerae: Outer margin with a strong dark ridge ending 
in three teeth about 2/3 the distance towards the fang. The outer surface also has 
about 50 fine striations forming a file. Mavzillae and lip as in female. Sternum : 
Length 0-44mm., breadth 055mm. Palp: As in figure. Femur swollen. Two 
trichobothria on tibia. 
We gS te ae A ee 8), 
12°658-9 8°6 6% 


_ Femur Iai. oe ion, Metatarsus Tarsus Total 
i 2-45 2-90 3:41 0-84 9-60 
II 1:81 1-94. 2-34. 0-52 6-61 
IIL 1:30 1-40 1-80 0:46 4:86 
IV 1-94 1:96 Dealt _ Oram 6°83 
Tibial Index I, 4-1. . Tibial Index IV, 5-7. 


Legs as in female except the recurved hairs are more strongly curved and extend 
along the whole lengths of both metatarsi II and HI. Abdomen: Length 0-85 mm. 
Shape as in female. Eggs: Cocoon carried in the chelicerae. One contained 12 
eggs, another seven spiderlings. 


CLUBIONIDAE. 


CLUBIONA ALVEOLATA L. Koch. 

19 and 3imm., 1 dimm., Upolu. 19 and 4imm., 1 3 and limm., Manono. 
Bs | *. . . . 
Swept in herbage except one 2 and two very young specimens found in a silken cell 
inside a termitarium. 


CLUBIONA SAMOENSIS Berland. 
102 and 9imm., 3g and 4imm., Upolu. Collected in herbage and epiphytes 
from sea level to the top of the island. Once in a house. 


OEDIGNATHA MOGAMOGA sp. n. (PI. 57, Figs 6, 7, 9, 10.) 

1 3g, Upolu. 

Male. Length 458mm. Upper and lower surfaces very dark reddish brown, 
legs paler except for the distal half of each femur which is dark. Carapace : Length 
, 2°35 mm., breadth 1-72mm. The carapace has a finely pitted surface. Clypeus 
more than 1/3 of the breadth of the eye-group.. Hyes : Eight, homogeneous. Both 
rows slightly procurved. AME the largest, separated by slightly less than their 
diameter from one another and from PME, and by still less from ALE. PME 
separated by about twice their diameter from one another and from PLE. Lateral 
eyes separated by about the diameter of ALE. Middle quadrangle slightly narrower 
in front and slightly broader than long. Ratio of eyes, AME: ALE: PME: PLE 
—157:116:100:100. Chelicerae : Convex in front of the margin of the carapace. 
Five small teeth on the retromargin of the groove, three larger ones on the promargin. 
Mawillae : Slightly converging, longer than the lip, rounded at the anterior end 
but truncated obliquely on the median corner where the scopula is situated. 
Lip: Free. Longer than broad, slightly concave anteriorly. Sternum : Length 
1-44 mm., breadth 1:13 mm. Continuous with the carapace around the bases of 
all the legs. It has a finely pitted surface. Palp.: As in figure. Large tibial 
apophysis with the dorsal part in the form of a sharp dark ridge separated by a 
rounded groove from the blunt ventral part. Four trichobothria on the tibia. 

megs ae 2 3 

3-1 3-1 2-4 2-1 
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Femur Pat. & Tib. Metatarsus Tarsus Total 

il 2-04 2-62 1:79 0:95 7-40 

Il 1-66 1-94 1-37 0:74 5-70 

III 1-28 1-50 1-38 0:70 4:86 

IV 1-99 2-46 ole, 0:80 7:38 
Tibial Index I, 9-6. Tibial Index IV, 9-9. 


Claws on I with six pectinations and on IV with four. Spines: I, 4-4 long spines 
on metatarsus, 7-6 on the tibia; II, 4-4 on the metatarsus, 6-6 on the tibia ; II, 
1-1 on the metatarsus, 3-3 on the tibia ; IV, 2-0 on the metatarsus, 2-2 on the tibia. 
Metatarsus IV has a spurious articulation about the middle. Trichobothria on I, 
six on the tarsus, six on the metatarsus and four on the tibia; IV, eight on the tarsus 
and three on themetatarsus. Abdomen: Length 2-40mm., breadth 1-51mm. The whole 
dorsal surface covered by a hard dark shield, more finely pitted than the carapace. 
Similar sternal shield covering more than half of the ventral surface, followed by 
a crescent-shaped one in front of the spinnerets. The large sternal shield is almost 
divided into two by a procurved cleft which opens slightly at the pulmonary openings 
and the genital opening. 

O. canaca was described by Berland (1938) from the New Hebrides. The present 
specimen differs from this species in having fewer spines on legs I and II and in 
having large spines on legs III and IV. The tibial apophysis is different, and 
O. canaca has a single sternal scute extending almost to the spinnerets. Berland 
states that the genus occurs in Ceylon and Malaya, with single species in New Guinea 
and the New Hebrides. 

The name suggested is the Samoan for a beetle, with reference to the colour and 
texture of the cuticle. 


CORINNA CETRATA E. Simon. 
1 g., in house, Apia, Upolu. 


This species has been recorded from New Caledonia, Tahiti, the Marquesas and 
Easter Island, but not previously from Samoa. 


CHIRACANTHIUM VORAX sp. n. (PI. 57, fig. 17.) 

1 g, Apia, Upolu. 

Male. Length 8:80mm. Light brown, yellower on the legs and redder on the 
chelicerae, abdomen grey. Carapace : Length 5-47 mm., breadth 3-87 mm. Clypeus 
less than the diameter of AME. Carapace smooth and rounded, thoracic groove 
longitudinal, very shallow. Small triangular plate below the clypeus as wide as 
the space between the ALE. Hyes: Eight. AME dark and surrounded by black 
pigment, very little round the other eyes. Rows straight. AME separated from 
one another and from PME by about their diameter, and by more from ALE. PME 
separated from one another by about three times, and from PLE by about twice 
their diameter. Lateral eyes separated by about twice the diameter of PLE. Ratio 
of eyes, ALE: AME: PLE: PME=97: 90:80:75. Eye-group breadth 2-28 mm. 
Chelicerae ; Large and directed forward, boss present and a ridge along the dorsal 
prolateral surface. Fang long and with a change in its curvature about the middle. 
A flat concave surface instead of a groove, with a large tooth near the base of the 
fang on its retrolateral surface. There is also a very small tooth, probably prolateral, 
about the middle of the concavity, and three pairs, the prolateral being the smaller, 
at the proximal end. Mazwillae: Large and expanded distally. Lip: Longer than 
broad, truncated distally. Sternum: Length 2:26 mm., breadth 1:60 mm. Flat. 
Fourth coxae in contact. Palp: As in figure. Terminal joint small. Spines on 
the distal end of the femur, the patella and the tibia. Tibial apophysis long and 
pointed, a small piece projecting parallel to its base. 

Legs aan oe 

2-7 2-6 2-6 1-8 
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Femur Pate do ibs Metatarsus Tarsus Total 

I 3°86 6:26 2-67 1:32 14-11 

II 3:97 6:50 3:00 1:31 14:78 

It 2-77 3°54 2-53 0:86 9-70 

IV 4-00 5-03 4-27 1:09 14:39 
Tibial Index J, 8-7. Tibial Index TV, 12-7. 


Legs I and II with spines on the femora and tibiae, and tenent hairs along the 
ventral surfaces of the tarsi, metatarsi and tibiae. Legs III and IV with more spines, 
and spines on the metatarsi also. Tenent hairs only on the tarsi. Two claws and claw 
tufts. dbdomen ; Small and shrunken, perhaps due to preservation. 

Koch records six species of Chiracanthium from Samoa, all of which differ from 
the present specimen in the teeth on the chelicerae. Berland described the male of 
the sixth species, which does not have the backwardly directed process on the bulb, 
but it differs from the present specimen in the details of the bulb, the tibial apophysis 
and the teeth on the chelicerae. The male of C. insulare does not seem to have been 
described, but the female differs from the present specimen in the proportions of the 
legs and the disposition of the spines. It seems peculiar that seven species of the 
same genus should occur in Upolu, and they seem to be uncommon as only four 
individuals and some immature were collected by Buxton, and one individual and six 
immature by myself. The six immature may belong to yet another species as they are 
pale-coloured with very long front legs. One was collected in Manono. 


GNAPHOSIDAE. 
POICILOCHROA ROLLINI Berland. 


19, Manono. Collected on a palm trunk at night. This species is known only 
from a single specimen described by Berland (1933) from the Marquesas. 


SPARASSIDAE., 

HETEROPODA VENATORIA (Linn.). 

This species has been referred to by many authors as Heteropoda regia Fabricius, 
but Bonnet (1951) discussed the matter and concluded that the name H. venatoria 
is the correct one. 

6 2,4 3,8imm., Upolu. Mostly collected in houses at Apia and Aleipata. Many 
immature specimens were swept in vegetation but it is not possible to be certain 
of the species. No adults were collected out of doors. Two cocoons were examined, | 
They were some 22 mm. in diameter and 7mm thick. The eggs were 1-4 mm. in 
diameter there being 550 in one and 730 in the other cocoon. 


HETEROPODA NOBILIS L. Koch. 


This species is difficult to distinguish from the previous one unless mature, and 
is said to occur away from houses. 1 2 imm., which may belong to this species, was 
collected on the summit of Manono well away from any houses. Six small immature 
individuals were also collected on Manono out of doors but cannot be identified. 


THOMISIDAE. 
DIABA PRETEXTA L. Koch. 
39 and 11 imm., 4 3 and 2 imm. At all altitudes, Upolu. 1 9, Manono. 
1 Qimm., Apolima. 
Pattern variable as mentioned by Berland (1929). 


SALTICIDAE. 
Bavia AERICEPS EH. Simon. 
29,14, Apia, Upolu, in house, 1g imm., Manono, in plantation. 
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Menemerus sivirratus Dufour. 
49, 24, 2imm., Aleipata and Poutasi, Upolu, in house. 29, 34, 4imm., 
Manono, in house and in bush. 1 34, Apolima. 


PLEXIPPUS PAYKULLI Audouin. 
59, 4¢, limm., Apia and Poutasi, Upolu, in houses. 1 Zimm., Manono. 


FLACILLA MinutTA Berland. (PI. 57, fig. 8.) 

1 dimm., Mulifanua, Upolu. 1 dimm., Nuulopa. 1d, 1 Q, Savaii. Described 
from the female only. 

Male. Length 386mm. Colour as in female, except the femur and patella 
of all legs are brown, also metatarsus and tarsus I. The dorsal side of the abdomen 
is dark brown, almost black, with a lighter patch near the anterior end. The dorsal 
side seems to be covered with a tough cuticle as there are fine longitudinal folds 
along the sides. Ventral side greyish. Carapace : Length 1:82mm., breadth 
115mm. Eyes: Anterior row all practically touching. Distance from ALE to 
PME about 3/2 times the diameter of PLE, and from AME to PLE less than the 
diameter of PLE. Ratio of eyes, AME: ALE: PLE: PME=312 : 174 : 164: 58. 
Breadth of eye-group 0-97mm. Chelicerae : Two teeth on the promargin of the groove 
opposite to the large retrolateral tooth. These are not mentioned by Berland. 
Mazxillae and lip as in female. Sternum : Length 0-80 mm., breadth 0-45 mm. 
Palp: Asin figure. Tibial apophysis sharp. 

Legs: 1 4.2, 3 

1-8 1-4 1-2 11° 


Femur eeRR, Wa autloy, Metatarsus Tarsus Total 

1! 0-99 1-44 0-42 0-34 3:20 

Tai 0-73 0-80 0-40 0-32 2:26 

Til 0-61 0:73 0-39 0-32 2-05 

IV 0-85 0:99 (0-42 0-37 2-64 
Tibial Index I, 22-5. Tibial Index IV, 18-1. 


No spines. The metatarsus of I has a conical apophysis at the distal end of the 
ventral prolateral border. The joints of the first leg are flattened and expanded as 
in the female. Abdomen: Length 2:19 mm. breadth 1-17 mm. 


BIANOR MACULATUS Keyserling. 
1 3, Tuasivi, Savaii. 


AscyLTUS PTERYGODES L. Koch. (PI. 56, fig. 16.) 


oe and 6imm., 5 3 and 3imm., Upolu. 34 and l6imm., Manono. In many 
localities from mangrove swamps and plantations to quite high on the hills. 


The chelicerae of the male are large and directed forward. On the under-surface 
is what seems to be a stridulating organ in the form of some 25 ridges, as in the figure. 


THORELLIA ENSIFERA Thorell. 
26 9, ll dy 6 Ms. Upolu. 19, 2, 5imm., Manono. 2imm., Nuulopa. 
‘ ) F <4 : . 
1 fimm., Apolima. 19, Savaii. Very common in houses, plantations and bush, 


Erave ALBoBIcrnctus Berland. (PI. 56, figs 23, 24.) 
19,23, Fagaloa and Apia, Upolu. This genus and species was described b 
Berland (1938) from three males collected in the New Hebrides. : 
Female. Length 5-60mm. Colour in general as in the male except on th 
e 
abdomen and legs. The bands on the abdomen are not very well eet and the 
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dorsal surface behind them is black. Leg I, the femur and the proximal 2/3 of the 
pro- and retrolateral surfaces are brown, the remainder much lighter. Legs II, ITI and 
IV, the dark band on the prolateral surface less than in the male, only a slight mark at 
the distal end of femur IT. “Carapace : Length 2-56 mm., breadth 1-70 mm. The 
surface is smoother than described by Berland in the male and there is no depression 
between the posterior eyes. This is very slight in the present males. Hyes : Anterior 
eyes in contact. PME equidistant from ALE and PLE, separated by less than the 
diameter of AME. Ratio of eyes, AME: ALE: PLE: PME=178: 109: 86: 30. 
Breadth of eye-group 1-52 mm. Chelicerae : There is a conical tooth on the prolateral 
margin of the groove opposite to the large retrolateral one. This is not mentioned 
by Berland but is present in both sexes of the present series. Mazillae and lip as 
in male. Sternum: Length 1:18 mm., breadth 0-77 mm. Palp: No claw. The 
club-shaped terminal joint is thickly covered with hairs especially ventrally, where 
they are black and flattened. 
ese = A PS 2 
1-9 1-9 1-4 1-2 © 


Femur Pau oo Lilo, Metatarsus Tarsus Total 

[ 1:59 1-94 0-99 0-39 4-90) 

10 ee 1-18 0-51 0-25 3:06 

II 1-23 1-19 0-85 0:36 3°63 

IV 1-42 1-85 Poy 0-40 4:80 
Tibial Index I, 16-9. Tibial Index IV, 12-1. 


Leg I is much the stoutest, even more so than in the male, the femur and especially 
the tibia being deeper. The spines are the same, but the distal half of the ventral 
surface of the femur and the ventral surface of the tibia are covered with flattened 
black hairs, those on the tibia being long. Leg IT has two retrolateral spines on the 
tibia and metatarsus, legs otherwise as in the male. Abdomen: Length 1-73 mm., 
breadth 1-52 mm. 


ATHAMAS WHITMEL Cambridge. 
19, 23, near Apia and Afiamalu, Upolu, in forest. 19, Manono. 2 9, Savaii. 


CytTaBa PIscULA L. Koch. 


72,94, 3imm., near Apia, in plantations and forest, and at about 1,000 ft. 
near Fagaloa Bay, Upolu. 19, 1g, limm., Manono. 29, 1d imm., Apolima. 


CYTAEA TRISPINIFERA sp. n. (PI. 56, fig. 22, Pl. 57, fig. 5.) 

1 3, Afiamalu, Upolu. On the ground after tearing back the “ Mile-a-minute ” 
creeper. 

Male. Length 351mm. Carapace chestnut, black around the eyes. Sternum 
and mouth parts brown. Legs pale with dark markings on the ends and sides of the 
joints. Abdomen pale grey, slightly darker on the sides and the ventral surface. 
Carapace : Length 1:63 mm., breadth 1:13 mm. Hyes: Hight. Anterior row recurved, 
posterior row procurved. AME separated from one another, and from ALE by 
1/9 of their diameter. PME separated by about 7/2 of their diameter. PLE 
separated from ALE by about seven times and from PME by about four times their 
diameter. Ratio of eyes, AME: ALE: PME: PLE=450 : 298 : 291 : 59. Breadth 
of eye-group 1-09 mm. Height of clypeus 1/7 diameter of AME. Chelicerae : two 
teeth on the promargin, close together towards the ventral end of the groove, one 
forked tooth on the retromargin. Mavillae: Expanded distally, almost een 
above lip. Lip: Longer than broad. Sternum 8 Length 0-71 mm., breadth 0-53 mm. 
Slightly convex. Oval with slight projections opposite to each coxa, Palp: As in 
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figure. The embolus makes two complete turns and its tip lies ina depression below 
the end of the cymbium. The tibial apophysis 1s forked. 
Legge Ane ees 
2-6 2:4 2-0 1-9 


Femur Pat. & Tib. Metatarsus Tarsus Total 
i 1-02 1-11 0:73 0:38 3°24 
II 1-01 0-96 0-78 ° 0:34 3:09 
TIT 1-19 1-28 1-09 0:46 4-02 
IV 1:30 1-37 1-15 0:49 4:31 
Tibial Index J, 8-0. Tibial Index IV, 11-0. 


Two claws. Legs with spines. Berland (1938) draws attention to a row of five 
spines at the distal end of the femur as characteristic of this genus. In the present 
specimen there are spines in this position but only three except on leg IIT where 
there are four. The femora also have two dorsal spines. Each patella has a retro- 
lateral spine and a dorsal bristle at the distal end. A similar bristle also occurs on 
each tibia. Tibiae I and II, three pro- and three retrolateral spines. Tibiae III 
and IV, one proximal dorsal, four pro- and three retrolateral spines. Metatarsi I 
and II, three pro- and one and two retrolateral spines. Metatarsus III, four pro- 
and three retrolateral spines. Metatarsus IV, six pro- and five retrolateral spines. 
Abdomen : Length 1:58 mm., breadth 0-83 mm. 

This species differs from C. piscula in the cheliceral teeth, the form of the palp 
and in colour. Two other species of the genus were described by Berland (1938) 
from the New Hebrides. Of these he mentions that the bulb of C. fibula is distinctly 
different from that of other Cytaea. The present species resembles it in having a 
long curled embolus, but differs in the shape of the tibial apophysis as well as in the 
chelicerae. 


LYCOSIDAE. 
LYCOSA TONGATABUENSIS Strand. 


2 2, both from Upolu, one on the north and the other on the south coast. There 
are some differences between them but they seem to belong to this species. One 
immature specimen was collected on Manono which may be this species also. 


LYCOSELLA THORELLI Berland. (Pl. 57, fig. 4.) 


_ 29,2 3,limm., Apia, Upolu. This species was described by Berland (1929) from 
single female from Upolu, and he also records (1934) a single female from Hiva-Oa 
in the Marquesas. 


Male. Length 2:85mm. Carapace with a narrow dark border inside which is a 
broad light yellowish-brown band. There is also a narrow longitudinal light yellowish- 
brown band in the mid dorsal line, extending from the level of the posterior eyes to the 
posterior margin, where it is broadest. The rest of the carapace is reddish brown with 
radial streaks in the dorsal region and black round the eyes. In all the present 
specimens of both sexes, the dorsal light band extends to the posterior margin, while 
in Berland’s specimens it stops in the middle of the carapace. Abdomen light, with 
two rows of irregular dark markings. Under-surface pale brown. Carapace : 
Length 1:67 mm., breadth 1:19mm. As in female. Clypeus about 3/2 times the 
diameter of AME. yes: Anterior row procurved. AME separated by nearly 3/2 
times their diameter and from ALE by 2/3 of their diameter. PME separated from 
one another by twice and from PLE by 5/2 times their diameter. PLE separated 
by about three times their diameter. Ratio of eyes, PME: PLE: AME: ALE 
=230: 185; 94:75, Breadth of eye-group 0-72 mm, Chelicerae ; Two teeth on the 
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retromargin of the groove only. Mazillae: Parallel, much longer than the lip. 
Inp: Rounded anteriorly, longer than broad.  Sternum: Length 0-72 mm., 
breadth 0-67 mm., convex, heart-shaped. Palp: As in figure. 

Legs. she Be | 2 


3b 2:3 2-2°2:0 © 
Femur | Pat. & Tib. Metatarsus Tarsus Total 
I 1-01 1-19 0:92 0:52 3°64 
II 0:92 1-14 0-90 0:47 2-43 
III 1-09 1-20 1-06 0:48 3°84 
IV 1:39 1-70 1:51 0:65 5257 
Tibial Index I, 16-2. Tibial Index IV, 11-1. 


Three claws. Dorsal ones long and slender with eight pectinations. No scopula. 
Trichobothria on tibiae, metatarsiand tarsi. Abdomen: Length 1-25 mm., breadth 
0-85 mm. ; 


PISAURIDAE. 
~ DoLOMEDES FACcETUS L. Koch: 


« 1-9, Running on the surface of water in a marsh near the coast, Apia, Upolu. 
This specimen differs from Koch’s description in that tibia IV is longer than the 
carapace instead of being the same length. : 


ZODARIIDAB 


CRYPTOTHELE veRRUCOSA L: Koch. 2. vezi 


~~ 2imm., Nuulopa, under stones. eins 2 eae gee - puree Be : 
STORENA ALEIPATA sp. n. (PI. 57, figs. 1, 2,-3.)° 


3 2, Limm. (possibly all immature), Aleipata, Upolu, under dead leaves on the 
coast. 1d¢imm., Manono, under a stone. 


Female. Length 2-76mm. Carapace, chelicerae and sternum reddish chestnut 
with fine dark streaks and mottlings. Maxillae and lip pale, tinged with reddish 
colour. Legs pale yellowish brown, with, except on I, the sides of the tibiae and the 
distal ends of the femora the dark reddish brown colour. Dorsal part of abdomen the 
same colour as the carapace with five pairs of pale spots, the posterior ones in contact, 
and a pale patch at the posterior end. Spinnerets and ventral side, pale. Reddish 
area anterior to the spinnerets and two faint longitudinal bands on the ventral surface. 
Carapace : Length 1:24 mm., breadth 0:82 mm. Widest opposite III. No cephalic 
elevation, groove longitudinal. Height of clypeus slightly more than the diameter of 
AME. FHyes: Eight, homogeneous. Anterior row slightly procurved, posterior row 
procurved. AME separated from one another by their diameter and from ALE by 
2/3 of their diameter. Lateral eyes separated by the diameter of ALE. PME 
separated by almost twice and from PLE by about 1-5 times their diameter. Ratio 
of eyes, AME : ALE: PME: PLE=95 : 85:81:79. Breadth of eye-group 0-46 mm. 
Chelicerae : Strongly convex on the anterior surface which projects in front of the 
carapace. Boss present. Three prolateral teeth, well spaced out and four small 
retrolateral ones. Mavzillae: Parallel, rounded anteriorly. Lip: Longer than broad, 
‘notched anteriorly. Sternum: Length 0:80 mm., breadth 0-78 mm. Moderately 
convex. Prolongations extend between the coxae and behind the last ones, to unite 
with the carapace. Palp: One claw, not-pectinated. Tibia with about ten tricho- 
bothria and three dorsoprolateral bristles. Three long feathery hairs in a longitudinal 
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row close together on the dorsal surface, a trichobothrium close to each on its pro- 


lateral side. 
Lega 4 ly ee 


3-1 2-7 23.20% 
Femur Pat. & Tib. Metatarsus Tarsus Total 
ul 0:95 1-13 0-79 0:47 3°34 
II 0:77 1-01 0-60 0-45 2-83 
III 0-60 0:75 0:63 0:48 2-45 
IV 0:99 1-27 1-03 0:59 © 3°89 
Tibial Index I, 12-7. Tibial Index IV, 11-5. 


Two claws with claw tufts on an onychium. Claws on I with seven and on IV 
with three pectinations. Spines: Metatarsus I four pro, three retro. Tibia I, five 
pro, 4 retro. Metatarsus II, four pro, three retro. Tibia I, five pro, four retro. 
Metatarsus III, one pro. 0 retro. Tibia II, without spines. Metatarsus IV, two 
pro, one retro. Tibia IV, three pro, one retro. The spines on II are mostly long, 
more than half the length of the joint. The distal ends of metatarsi III and IV 
are provided with many distally directed bristles. Trichobothria numerous and 
long, arranged as follows: Tarsus I, six. Metatarsus I, four. Tibia I, ten. 
Tarsus II, seven. Metatarsus II, four. Tibia II, nine. Tarsus III, eight. 
Metatarsus III, four. Tibia III, 11. Tarsus IV, five. Metatarsus IV, five. 
Tibia IV, 11. Tarsal organ small and situated about 1/5 from the distal end. 
Abdomen: Length 1:50 mm., breadth 0-75 mm. Oval, slightly overhanging the 
petiolus. No colulus. Six spinnerets, the anterior, which are in contact, are much 
the largest. Posterior joint of posterior spinnerets small but distinct. Posterior 
spiracle close to spinnerets. Simple genital furrow, probably immature. 

Immature male. This specimen is larger than the female described above, its 
length being 4-6 mm., which makes it more probable that the female also is immature. 
The male is similar in appearance to the female and as it is immature a detailed 
description seems unnecessary. 


HAHNIIDAE. 
HauNIA BERLANDI sp. n. (PI. 58, figs. 2, 3, 4, 5, 8.) 
19, Upolu. 29,16, Manono, Swept in the bush. 


Female. Length 2-47mm. When alive the colour is conspicuously red. When 
preserved the carapace, legs and spinnerets are pale brown, sternum and abdomen 
paler, almost cream. Posterior dorsal side of the abdomen with a brown patch 
anterior to which are two small brown spots, the anterior being farther apart than the 
posterior ones. Black around AME. Carapace : Length 1-35 mm., breadth 0-96 mm 
High along the mid dorsal line for about half the length, then sloping down where 
overhung by the abdomen. Height of clypeus nearly twice the diameter of AME 
Eyes : Hight, heterogeneous. Anterior row straight, posterior row procurved. AME 
separated by about their diameter and from ALE by about half of their diameter 
PME separated by twice and from PLE by 4/5 of their diameter. Ratio of 
eyes, PLE: ALE : AME : PME=68 : 62: 60:53. Breadth of eye-group 0:34 mm 
Chelicerae : Two prolateral and two retrolateral teeth, all at the ventral end of he 
groove. Mawzillae : Converging but not meeting in front of the lip. Broad, rounded 
anteriorly, and obliquely truncated at the anterior median corner. Lip : Rounded 
anteriorly, as broad as long. Sternwm: Length 0-61 mm., breadth 0-69 mm. Convex 
coxae IV well separated. Palp: Claw without pectinations. One long spine on 
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eee two on tibia and several shorter ones on tarsus. Four trichobothria on 
ibia. 
eget 6, Weer Oe eS 
25 2-4 23 22° 


Femur Pate cei, Metatarsus Tarsus Total 

I 0-94 0:98 0:69 0-51 3°32 

II 0:94 1-07 0-72 0-54 2:27 

III 0-89 0-95 0:68 0-52 3:05 

IV 1:04 1-09 0:85 0:45 3°44 
Tibial Index I, 14:3. Tibial Index IV, 11-7. 


Three claws, the dorsal ones with 12, the ventral ones with two pectinations on all 
feet. Two very large tenent hairs, one on each side of the ventral claw, and pectinated 
hairs. The hairs on the body as well as the legs very finely plumose. Tricho- 
bothria, two on each tarsus, two on each metatarsus, three on tibia I, four on 
tibia IT and III and five on tibia IV. Spines, one prolateral on femur I, one dorsal 
on each patella, two dorsal on each tibia and one distal ventral on each metatarsus. 
Tarsal organ 1/6 from the distalend. Abdomen: Length 1:72 mm., breadth 1-28 mm. 
No colulus. Six long spinnerets arranged in a semicircle. The outer ones are 
longest, having a distal joint half the length of the basal one. The basal joint of 
the middle spinneret is the same length as that of the outer one, but the distal joint 
is very short and conical. The inner spinnerets have only one joint, not quite as long 
as the basal ones of the others. Posterior spiracular fold slightly closer to the 
spinnerets than to the genital fold. Epigynum as in figure. 

Male: Length 2:05mm. Colour in life scarlet. When preserved, legs and 
spinnerets brown, coxae and body very pale. Blackround AME. Carapace: Length 
1-35 mm., breadth 0-96 mm. Height of clypeus about the diameter of AME. yes : 
_ AME separated from ALE by less than 1/4 and from one another by less than their 
diameter. Lateral eyes touching. PME separated by about 3/2 and from PLE by 
about their diameter. Ratio of eyes, AME: PLE: PME: ALE=69: 57: 46: 37. 
Anterior row slightly recurved, posterior row procurved. Breadth of eye-group 
0:16mm. Chelicerae: As in female, the teeth being smaller. Mazillae and lip as 
in female. Sternwm: Length 0-54 mm., breadth 059mm. Palp: Palpal organ 
relatively small. Asin figure. Two trichobothria on tibia. Patella with stout claw- 
like process with a bifurcated tip, on the retrolateral ventral side. 

eyecare |. Sethe 253 


Femur Pat & Tib. Metatarsus Tarsus Total 

u 0-87 0-92 0:59 0-47 2-85 

II 0:90 0-94. 0:56 0:34 2:74 

III 0-80 0:86 0:60 0-46 2-73 

IV 0-80 0-80 0-68 0-49 2:78 
Tibial Index I, 13-4. Tibial Index IV, 14:5. 


Abdomen: Length 1:20 mm., breadth 0-88 mm. 
This species is named for Dr. L. Berland who has contributed so much to our 


knowledge of Pacific spiders. 


SYMPHYTOGNATHIDAE. 


PatTu SAMOENSIS Marples. (Pl. 56, fig. 19.) 

43 2, 93,4 imm., Upolu, in irregularities of tree trunks. Most of the specimens 
were collected at Apia, but they were also found at the top of the island at Afiamalu 
and on the Cross Island Road, and on the south coast at Poutasi. This species was 

| 33* 
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described from females collected in 1946. Many more were collected in 1951 and the 
male is described here. 

Male. Length 088mm. Colour as in female. Carapace: Length 0:29 mm., 
breadth 0:30 mm. Eyes: Six, all pale. Hind row recurved. Median eyes almost 
touching, separated from PLE by half their diameter. Ratio of eyes, PLE : PME: 
ALE=62 : 60:51. Breadth of eye-group 0-23 mm. Chelicerae, maxillae and lip 
asinfemale. Sternwm: Length 0-22 mm., breadth 0:20 mm. Palp: Large rounded 
palpal organ, as in figure. 

eg lage ts 

4-1 3-9 3-9 31° 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 0:30 0-32 0-17 0-20 0-99 

IDL 0:27 0-29 0-13 0:18 0:87 

Til 0-20 0-22 0-10 0-17 0-69 

IV 0:28 0:29 0-12 0-17 0-86 
Tibial Index I, 15-0. Tibial Index IV, 15:5. 


One stout spine on the ventral surface of tibia II about 1/3 its length from the distal 
end. Abdomen: Length 0:-58mm., breadth 0:36mm. As in female with two 
dorsolateral and one posterior knob-ended process. 

In the previous paper (1951 b) the web was described as a very fine horizontal 
sheet from which a thread extended upwards. In the sheet threads radiated from 
the point of attachment of this thread, but the structure was a sheet not an orb web. 
This requires modification in the light of the later observations. The web appears 
to be initially an orb web of very close mesh, the radii branching at about the inner 
edge of the spiral zone. The spirals are either so fine that they easily tangle or threads 
are added later, as there is frequently a delicate sheet as described before. The 
web is extremely delicate and it is very difficult to make out the details. The shape 
of the web seems to depend on its situation, sometimes it is a complete disc but 
usually the side next to the tree trunk is smaller than the other or is absent altogether. 
A rectangular shape is seen when the web is in a crack. 


TAMASESIIDAE fam. n. 


No lungs. ‘Two pairs of spiracles. The anterior spiracles Jead into atria which 
are connected across the body, and from which many tracheal tubes arise which 
apparently do not enter the cephalothorax. The posterior spiracles are well separated 
and situated halfway between the genital furrow and the spinnerets. They lead 
into atria which are connected across the body and from which many tracheal tubes 
arise and enter the cephalothorax. Eight heterogeneous eyes. Three claws. No boss 
on chelicerae. No spines on legs. Femoral organ on legs I and II in the female. 
_ Six spinnerets. Colulus present. Web consisting of threads radiating in all directions 
from a point and connected by a tangle of sticky threads. 

The family is named for the Hon. the Tamasese. 


TAMASESIA gen. n. < 
Characters as above. Type species T'amasesia rotunda. 


TAMASESIA ROTUNDA sp. n. (PI. 57, figs. 14, 18, 20, 23.) 


33 9, and 3 imm., 5 ¢ and 1 imm., Upolu, sea level to the top of the island in 


various localities. Under stones and in crevices of bark. © 


Female. Length 0:90 mm. Carapace yellowish brown near the thoracic groove 
greyish brown elsewhere. Margin, anterior region and radiating marks and mottlings 
near the edge very dark. Mouthparts and legs brown, the distal ends of the tibiae 
and metatarsi darker, especially tibiae III and IV. Sternum yellowish brown with 
two broad longitudinal dark bands. Abdomen dark brown with a conspicuous 
white band crossing the postero-dorsal surface and extending as far as the anterior 
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spiracles. Carapace: Length 0:-42mm., breadth 0-36mm. Thoracic groove 
transverse and slightly recurved. Height of clypeus equal to the diameter of the 
AME. Eyes: Eight, heterogeneous. Anterior row straight, posterior row slightly 
procurved. AME separated by rather more than and from ALE by about 1/3 of their 
diameter. PME separated by about 2/3 and from PLE by about 1/3 of their 
diameter. Ratio of eyes, AME: ALE: PME: PLE=73: 72:67:59. Eye-group 
breadth 020mm. Chelicerae: No boss. Three large teeth at the ventral end of the 
promargin of the groove, and three smaller ones about the middle of the retromargin, 
the most dorsal being bifid. The floor of the groove occupied by evenly spaced 
small teeth 30-40 in number. A number of feathery hairs present. Mavillae : 
Broad, converging but not meeting. Lip: Small, broader than long. Sternum: 
Length 0-25 mm., breadth 0-24mm. Convex. Triangular, with rounded corners 
and a truncated posterior one. Coxae IV very well separated. Palp: No claw. 
Many bristles on tarsus, long one on patella. No trichobothria. 
Leuse LM eS 


Kemur Pat.d& Lib. Metatarsus Tarsus Total 

i 0:39 0-44. 0-24. 0:22 1-29 

II 0:35 0:38 0:19 0-21 1-13 

TIL 0:26 0:26 0-19 0-19 0:90: 

IV 0:33 0:33 0-19 0:19 1:04 
Tibial Index I, 12:2. Tibial Index IV, 14:3. 


Three claws, each about the same size and with one pectination. A few pectinated 
bristles. No spines, but a bristle on each patella and tibia. T'richobothria : Meta- 
tarsi I, II and III with one, IV with none. Tibiae I and II with three, ITI and IV 
with four. Tarsal organ at the extreme proximal end of the tarsus. Femora I 
and II with a round black spot on the ventral side about 1/3 of the length from’ 
the distal end. In the cleared skin it is a colourless hollow resembling the tarsal 
organ in appearance, though much larger, its diameter being about 1/4 of that of the 
femur at that point. Abdomen: Length 0-58 mm., breadth 052mm. Rounded 
with the spinnerets ventral. Anterior spinnerets touching, about twice the size 
of the posterior ones. Colulus and anal tubercle present. Transverse genital furrow 
between the anterior spiracles, overhung in the middle by a long, thin, transparent 
wrinkled scape. Posterior spiracles halfway between the genital furrow and the 
spinnerets. Tracheal system: No lungs. Hach spiracle leads into a somewhat 
club-shaped atrium, those of each pair of spiracles being connected across the body 
by a transverse tube. A large number of tracheal tubes arise from each atrium and 
many pass into the cephalothorax, apparently only from the posterior spiracles. 

Male. Length 0-70mm. Colour as in female with the darker markings less 
pronounced. Carapace: Length 0:36 mm., breadth 0-31 mm. Eyes: From above 
the anterior row recurved and the posterior row straight. From in front both rows 
procurved. AME separated by less than and from ALE by 1/5 of their diameter. 
PME separated by about 1/2 and from PLE by more than 1/4 of their diameter. 
Lateral eyes touching. Ratio of eyes, AME: PME: ALE: PLE=68 : 62 : 60 : 58. 
Breadth of eye-group 0-18 mm. Chelicerae, maxillae and lip as in female. Sternum : 
Length 0-22 mm., breadth 0:23 mm. Palp: As in figure. 

Leu 1 waa 3 

3-1 2:6 2:3 1-9 


Femur Pat. & Tib. Metatarsus Tarsus Total 
I 0:34 0°37 0-19 0:20 1:10 
Tie 0-22 0-32 0-19 0-17 0:91 
Til 0-21 0-22 0-10 0-10 0-62 
IV 0:29 0:27 0-13 0-14 0:83 


Tibial Index I, 12-0. Tibial Index IV, 11-2. 
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As in female, except the femoral organs appear to be absent. Abdomen: Length 
0-43 mm., breadth 0-39 mm. As in female. Web: This appears to consist of threads 
radiating in all directions from a point and connected by a tangle. Five cocoons 
were collected containing 9, 11, 12, 14 and 16 eggs respectively. ‘They consisted 
simply of a thin silk covering over the eggs. 


T'AMASESIA ACUMINATA sp. n. (PI. 57, figs. 15, 19, 21.) 

99 and 2limm.,3g and 5imm. On the top of the ridge of Upolu, mostly at 
Afiamalu but also on the Cross Island Rd., both at about 1,500 ft. From epiphytes 
in the forest. 

Female. Length 139mm. Pale brown, AME black. Some specimens have 
slight radial dark streaks on the carapace and a median streak on the abdomen. 
Abdomen with white spots, somewhat variable but usually forming two transverse 
rows, of four and six spots respectively, across the dorsal surface. Ventrally there 
is a spot on each side of the spinnerets, and more below the pointed posterior end. 
Carapace: Length 0-41 mm., breadth 0-42mm. Heart-shaped and not much 
elevated in the cephalic region. Eyes at the anterior edge. Hyes: Hight, AME black, 
the rest white. Seen from above the posterior row straight, and anterior one recurved. 
Seen from in front, the anterior row straight, the posterior one procurved. AME 
separated by less than their diameter and situated very close to ALE. PME separated 
by less than and from PLE by 1/3 of their diameter. Lateral eyes in close contact. 
Ratio of eyes, PME: AME: PLE: ALE=73 : 66 : 58: 56. Breadth of eye-group 
0-23 mm.  Chelicerae : United at the base so that a triangle is formed below the 
carapace, Three short stout teeth on the promargin and one on the retromargin. The 
space between is covered with about 40 small teeth, closely set. Mazxillae : 
Converging slightly but not meeting above the lip. Well-marked serrula. Lip: Free, 
almost as wide as long, truncated anteriorly. Sternwm : Length 0-27 mm., breadth 
0-26mm. Convex. Triangular with rounded corners, extending well behind the 
hind coxae. Palp: No claw. Stout bristle on the patella. 

Legs ay Wo 5eaw Os 

3°7 3-2 2-6 2-1 


Femur Pat. & Tib. Metatarsus Tarsus Total 

i 0:47 0-52 0:27 0:25 1-52 

itl 0:38 0:46 0-25 0:25 1-33 

II 0:25 0:26 0-17 0-19 0:87 

IV 0:31 0:36 0-20 0-21 1-08 
Tibial Index I, 13-4. Tibial Index IV, 12:4. 


Three claws, slender and not pectinated. No pectinated bristles. No spines, but a 
stout bristle at the proximal end of each tibia and the distal end of each patella. Tricho- 
bothria ; oneonmetatarsi I, II and III, four ontibiae I and IV and three on tibiae II and 
III. Femora I and II have a conspicuous, convex, round, brown organ about 1/4 of 
the length from the distal end. In the cleared skin it appears as a colourless hollow 
similar to a tarsal organ. Tarsal organ at extreme proximal end of tarsus. Abdomen : 
Length 1-02 mm., breadth 0-68 mm. Pear-shaped with a posterior point and ventral 
spinnerets. Six spinzerets, the anterior much the largest and in contact, the others 
almost in a straight line. Colulus and anal tubercle, small. Genital furrow incon- 
spicucus, overhung by a slight flap anterior to which is a low scape with a dark 
vrown tip. Posterior spiracles halfway between the colulus and the genital furrow. 
Tracheal system: No lungs. The anterior spiracles lead into club-shaped atria 
connected transversely behind the genital furrow. From each atrium about ten 
tracheal tubes arise, none of which appear to enter the cephalothorax. The posterior 
spiracles are at the extremities of a transverse groove. They lead into longer atria, 
connected by a transverse tube, and from each atrium about 20 tracheal tubes arise 
and run forward to enter the cephalothorax. Several tubes enter each of the legs. 
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Male. Length 0-97mm. Pale brown, legs slightly darker. The dorsal white 
spots on the abdomen are less well marked than in the female and the dark markings 
more marked. There is a narrow dark dorsal band ending in a dark area over the 
posterior end, and with two very narrow lines running obliquely backwards on each 
side of it. Carapace: Length 0:38 mm., breadth 0-36 mm. Eyes; AME separated 
by about 1/2 of their diameter and almost touching ALE. PME separated by more 
than 1/2 and from PLE by less than 1/2 of their diameter. Ratio of eyes, 
AME : ALE: PME: PLE=86:78:77:73. Breadth of eye-group 0-22 mm. 
Chelicerae, maxillae and lip as in female. Sternwm: Length 0-27 mm.,, breadth 
0:26mm. Palp: Femur relatively long. Details as in figure. 

pegs be Ae 3 


3-733 29 25 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 0-46 0:44 0-25 0:27 1:41 

II 0:37 0:41 0:19 0:25 1-22 

III 0:27 0-29 0-16 0:22 0:93 

IV 0:39 0:33 0-17 — 0-22 1-12 
Tibial Index I, 12:3. Tibial Index IV, 14:9. 


Abdomen: Length 0:57 mm., breadth 0-46 mm. As in female but less elongated. 
Web: The web is extremely delicate. It consists of a set of threads radiating in all 
directions from a centre, where the spider sits. The space between the radials is 
filled with threads of sticky silk, so fine that the droplets can only be seen under the 
microscope, and the whole occupies a volume roughly 1-5-2 cm. across. When 
spinning the spider keeps going quickly out along different radials. Apparently 
it attaches a thread to a radial and carries the other end to the centre and out along 
another radial to attach it there. The web is built from the periphery inwards. 
Though the threads are not regularly arranged, the general impression is of an orb 
web in three dimensions. Cocoons : The cocoon, which is hung in the web, consists 
of a thin white covering over the eggs. Three examined contained seven, eight and 
ten eggs respectively. 

Collected with the above spiders at Afiamalu were some others which seem to 
resemble them closely except in colour. As they were numerous, 13 9 and 7imm., 
4 gf and 2imm., they may represent another species, but as it seems undesirable to 
erect one on coloration alone, they are described here as a variant of the present 
species. The sexes are similar. Pale brown with the legs slightly darker. Darker 
dorsal patch and radial markings on the cephalothorax, the cephalic part darker still. 
Abdomen greyish brown above and on the sides. Four round paler areas dorsally 
and smaller ones on the sides, making a reticulated appearance. V-shaped white 
band ventrally consisting of a white patch below the posterior point and three on each 
side to the level of the spinnerets, all more or less confluent. 


THERIDIIDAE. 


CoNOPISTHA SAMOENSIS (Cambridge). 

11 2 and 8 imm., 4 ¢ and | imm., some near Apia and some at Aleipata, 
Upolu. Common in the webs of Cyrtophora moluccensis, which is usually seen 
near the coast. In the original description a dark band up the side of the 
abdomen subdivided the silver area into two triangular patches. In the specimens 
from Aleipata this band did not reach the apex, while in the others the lateral bands 
were absent and the dorsal reduced to a mere streak over the heart, so that the 
upper part of the abdomen was almost wholly silver. The cocoons of Cyrtophora 
are suspended in the web, and, on one occasion, a Conopistha was seen to catch 
several of the young Cyrtophora as they emerged one by one from the cocoon and let 
themselves down on threads. Conopistha does not seem to build a web of its own, 


480 B. J. MARPLES 


but climbs about in the very extensive tangle of threads surrounding the domed 
sheet of Cyrtophora. 


CoNnoPISTHA GRACILIS (L. Koch). 

219 and Timm., 9g and 2imm., in various parts of Upolu up to about 
2,000 ft. usually in the forest. They build a tangle web in which the male and 
female may be found together and in which the cocoon is hung. They also 
occur in the webs of other spiders, especially in the very extensive ones of Cyrtophora, 
but twice a male was found with a Pholcus, once two males with a Leucauge, and 
once a female with a Cyclosa. The cocoon is pale brown and pear-shaped, being 
pointed at one end and flat at the other. It has a thin tough wall and a certain 
amount of fluffy silk within. The flat end is very thin or merely plugged with the 
fluffy silk and evidently serves as an exit. Only one cocoon was seen in any web. 
The eggs, 0-6 mm. in diameter, are free within. Of four cocoons opened, three con- 


tained 19, 31 and 37 eggs respectively, and the fourth 22 spiderlings and seven 


infertile eggs. ‘The abdomen of the spiderling is of normal shape. 


CoNOPISTHA UNIMACULATA sp. n. (PI. 59, figs. 5, 22.) 

29,23, 2imm., Aleipata, Upolu, from webs of Cyrtophora. 

Female. Length 812mm. Carapace brown with darker radiating streaks, 
sternum greyish brown. Abdomen dark greyish brown except for the dorsal surface 
which is light. Along each side a broad pale band almost meeting above the posterior 
end. These pale bands are almost completely covered with silver patches. The 
dorsal pale area has a median dark patch at the anterior end and two oval pale areas 
posteriorly each containing a silver patch. There are two irregular dorsal lines 
of small silver patches. On the ventral side are two longitudinal rows of pale 
areas, most containing silver patches. Carapace: Length 2-90 mm., breadth 
1:83mm. Widest opposite leg II. No distinct thoracic groove but a transverse 
depression, the whole surface of the carapace being depressed and undulating. 
Deep emargination above petiolus. Clypeus 3-7 times the diameter of AME. 
Eyes: Eight, heterogeneous. Anterior row slightly procurved, posterior row slightly 
recurved. AME separated by about 3/2 from one another and from ALE by 4/3 
of their diameter. PME separated by about twice and from PLE by 3/2 of their 
diameter. Ratio of eyes, ALE: AME: PLE : PME=160: 157: 133: 127. Breadth 
of eye-group 0-75mm. Chelicerae: Elongated. Groove oblique, with a small 
tooth in the middle of the promargin and a large one at the ventral end. A smaller 
one is at the ventral end of the retromargin. Mavillae: Long, more than twice 
the length of the lip, and parallel though with sinuous sides. Conspicuous black 
serrula and brown scopula on the median border. Lip: Fixed, rather pointed in 
front. Sternum: Length 1-56 mm., breadth 1:08 mm. Becomes suddenly narrower 
towards coxae III, where it is half the breadth it is at coxae II. Tapers to coxae 
IV, between which a narrow bar passes and divides into two broad bands which pass 
up and join the carapace posteriorly. Palp : Claw, with four pectinations. 

Legs sl A 2 ae 


8-9 63 62 3-8 
Femur Pat. & Tib. Metatarsus Tarsus Total 
I 7:72 7:54 7:20 3:06 25-52 
Avi 5-60 5-43 4-76 2-53 18-32 
it 3°58 3:02 2°72 1:71 11-03 
IV 5:81 4:58 4:58 2-60 17:58 
Tibial Index I, 5-7. Tibial Index IV, 6-9. 


No spines. One trichobothrium on the metatarsus and three on the tibia. Three 
claws, equal size pectinated about five,on I. Massive spurious claws and pectinated 
hairs on all feet. The comb on tarsus IV extends about 1/3 of the distance along it 
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Abdomen : Spinnerets on a conical projection about the middle of the ventral side. 
Upper surface curving slightly upwards, posterior end rounded. Anterior spinnerets 
much the largest, contiguous. Colulus minute, anal tubercle large. Epigynum 
in the form of a brown rounded elevation with a dark depression at the apex. 

Male. Length 5-72 mm. Colour similar to the female with fewer silver patches. 
Oval pale areas with silver patches conspicuous towards the posterior end of the 
abdomen. Carapace : Length 2:31 mm., breadth 1:24mm. Four middle eyes on 
a projecting boss separated by a deep cleft from a projection of the clypeus covered 
with hairs curving up towards the eyes. Clypeus about five times the diameter of 
AME. Hyes ; AME separated by about twice their diameter and from ALE by 
slightly less. Lateral eyes touching. PME separated by less than twice and from 
PLE by about twice their diameter. Ratio of eyes, AME: PME: ALE: PLE 
=129:118:116:115. Diameter of eye-group 0-60 mm. Chelicerae and mawillae 
asinfemale. Lip: junction with sternum more distinct than in female. Sternum : 
Length 1:17 mm., breadth 0:90 mm. Palp: As in figure. 

megs 1 2 wd) 3 

8-6 5-8 52 34 


Femur Patera uni: Metatarsus Tarsus Total 

i 5:73 5°67 5:76 2°70 19-86 

IL 4:09 3°64. 3:66 1-94. 13:34 

1g 2-66 2-08 1-90 1:32 7:96 

IV 3:96 3-49 2-86 1:64 11-95 
Tibial Index I, 4:9. Tibial Index IV, 7-4. 


Abdomen: Length 3-40 mm., breadth 1-36 mm. Shape similar to that of female. 


RHOMPHAEA COMETES L. Koch. 
1.9, 2 3, Afiamalu and near Apia, Upolu. 


CYLLOGNATHA AFFINIS Berland. (PI. 58, fig. 14.) 

3 2, 13, inland on Upolu, in the forest. 

This species was described by Berland (1929) from three specimens. The present 
male differs in colour, the abdomen being pale yellowish brown with four white 
patches, and femur I having no dark patch. The conical protuberance on femur [ 
has a small accessory tooth on the distal side of its base on one leg and an accessory 
tooth proximal to it on the other. Berland describes no accessory teeth. The three 
- females all have rather different abdominal patterns, but resemble in general Berland’s 
description. The male palp does not seem to have been figured, so it is given here 
for comparison with the next species. 


CYLLOGNATHA GRACILIS sp. n. (PJ 58, figs. 15, 17, 18.) 

1 g, Upolu, in forest. 

Male. Length 254mm. Pale yellowish brown. Abdomen with irregular white 
patches arranged in three transverse rows with four in each. Each patella and the 
distal end of each tibia, yellow, and a yellow band round femur I. Carapace : 
Length 0-91 mm., breadth 0-64mm. Flattened and oval, without the narrower 
cephalic region seen in C’. affinis. Height of clypeus more than twice the diameter of 
AME. Eyes: Posterior row slightly procurved, anterior row straight. AME 
separated by 3/2 times and from ALE by less than their diameter. Lateral eyes 
touching. PME separated from one another and from PLE and AME by their 
diameter. Ratio of eyes, PME: PLE: ALE : AME=107: 97 : 96: 85. Breadth of 
eye-group 0:34mm. Chelicerae: Divergent, the median border not concave as in 
C. subtilis. Fang more than twice as long as the groove. Promargin of the groove 
with, at its middle, a projection bearing two bristles, and at its ventral end a long tooth 
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with a small accessory tooth on its dorsal side. A small conical elevation on the 
prolateral side near the base of the fang instead of the long sharp process seen 1n 
C. affinis. Mazillae: Long and parallel. Lip: Longer than broad, rounded in 
front. Sternum: Length 0-63 mm., breadth 0-46 mm. Convex, extending between 
the fourth coxae. Palp: Asin figure. Tibia with three dorsal trichobothria. On the 
dorsal side of each cymbium is a cup-shaped structure, similar to the base of a tricho- 
bothrium but more widely open, in the middle of which is a short projection not 
extending above the rim. 
Lega le Zonet hon 


Femur Pat. & Tib. Metatarsus Tarsus Total 
I 2-40 2:78 2-45 0:57 8:20 
II 1:92 1:98 1-73 0:48 6-11 
Til 1-25 1-07 1-01 0:35 3°68 
IV 1-7] 1-64 1-44 0-48 5:26 
Tibial Index I, 4-6. Tibial Index IV, 6-1. 


Leg I. Femur not swollen. Small conical projection on the ventral side one-third 
of the length from the distal end. There is a row of fine hairs along the ventral 
surface, one of which arises from the apex of the process, while the next hair distal to it 
is on a very small elevation also. A conical swelling at the proximal end of the tibia. 
No ventral row of spines on the femur, four or five prolateral ventral and eight or nine 
retrolateral ventral, Two dorsal spines on the patella and two on the tibia. Leg IT. 
Femur with four prolateral ventral and four retrolateral ventral spines, patella and tibia 
asin I. Leg III. Femur with no spines, patella with two and tibia with one. Leg IV. 
Femur with two dorsal spines, patella andtibiaas III. Trichobothria: one at the distal 
end of each metatarsus, three at the distal end of tibiae I and IT, four on tibiae ITI and 
IV. Three claws, dorsal ones with five pectinations, ventral one with one. Two or three 
pectinated bristles on legs WI and IV. Abdomen : Length 1-39 mm., breadth 0-65 mm. 
Stridulating organ in the form of two lobes at the anterior end, each with a series 
of projections with semicircular hard edges. The posterior part of the carapace is 
provided with fine transverse striations across its whole width. 

This species is smaller than C. affinis and differs from it in the smaller secondary 
sexual characters of the first leg and chelicerae, and in the details of the palpal organ. 
Ten females collected high up in Upolu, may belong to this species, as they lack the 
dark marks at the posterior end of the abdomen. Some carried cocoons in the palps 
containing respectively 9, 17, 17, 18 and 18 eggs. 


ULESANIS PERSONATA L. Koch. 
15 9 and 5imm., 8 ¢ and 2imm., high up in Upolu, mostly in the epiphytes in 
the forest at Afiamalu. The adult males have a very much taller spike on the 


abdomen than figured by Berland (1929), about as high as the abdomen is long. 
They are of a darker colour than U. rotunda. 


ULESANIS ROTUNDA Keyserling. 


14 9 and 5 imm., 6 3, high up in Upolu, mostly in epiphytes in the forest near 
Afiamalu. Most are a yellowish brown studded with small depressions. In some 
there are some white markings, and one is practically white all over. One is covered 
with light and dark areas as shown by Berland (1929), but all, except two immature 
ones, are much flatter than shown in his figure. 


THERIDION BUXTONI Berland. 


. Ae and 2imm., Upolu. 19, Savaii. From tangle webs in hanging creepers in 
ush. 
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THERIDION HOPKINS! Berland. (Pl. 58, fig. 12.) 


59 and Limm., 1 3, Apia and Afiamalu, Upolu. On the leaves of shrubs 
Described from females, the male not having been collected previously. 

Male. Length 1:87 mm. Pale brown. Abdomen greyish with a pair of irregular 
longitudinal white markings. The coloration of the female ig variable. Carapace : 
Length 1-02 mm., breadth 0-76 mm. Lyes : Hight, heterogeneous. From above the 
anterior row is recurved, the posterior row straight. From in front the anterior row 
is straight and the posterior one procurved. AME separated by their diameter and 
from ALE by about 1/2 of their diameter. PME separated from one another and 
from PLE by less than their diameter. Ratio of eyes, ALE: PLE: PME: AME 
=108: 100: 98:81. Breadth of eye-group0:39 mm. Chelicerae: Ag in female, with 
two small promarginal teeth and a larger one at the angle. Mazillae : Converging but 
not meeting, wider distally with a dark serrula. Lip: Free, slightly broader than 
long. Sternum: Length 0-62 mm., breadth 0-52mm, As in female, convex and 
prolonged between coxae IV. Palp: As in figure. 

ego ha ew 4 Se 

£-7 3°3 2:9 23 


Femur Pat. & ib: Metatarsus Tarsus Total 

I 1-41 1-63 1-12 0-60 4-75 

II 1-00 1:12 0-78 0:47 3°37 

III 0-68 0-76 0:57 0-37 2°38 

IV 0:87 0:97 0-72 0-41 2-98 
Tibial Index TI, 9-1. Tibial Index IV, 11-2. 


Three pectinated claws and some pectinated bristles, those on tarsus IV not 
conspicuous. Small tarsal organ slightly proximal to the middle of the tarsus. No 
spines, but two stout bristles on the patellae and several on the tibiae. Trichobothria, 
one on metatarsi I-III, and four on the tibiae. Abdomen: Length 1-08 mm., breadth 
0-77mm. Cocoons of thin finely woven silk 2-5 mm. in diameter. Four cocoons con- 
tained respectively: 25 eggs; 14 spiderlings, four infertile eggs and 12 hymenopterous 
pupae; 12spiderlings and six hymenopterous pupae; 16 spiderlingsand one infertile egg. 
The hymenopterous pupae had each apparently developed inside one spider’s egg. 


THERIDION ADAMSONI Berland. 

1 2, Apolima. 

This species was described from Tahiti (Berland, 1934 a), and also recorded from 
the Austral Islands, Rapa and Marotiri. It has not been recorded previously from 
Samoa. 


THERIDION ALBISTRIATUM L. Koch. 

7 9, Apia, inside buildings. 

These seem to belong to this species recorded from Tonga and Australia. Cocoon 
of brownish silk 4 mm. in diameter containing 81 eggs 0-7 mm. in diameter. 


THERIDION ALEIPATA sp. n. (Pl. 58, figs. 9, 13, 19.) 

1°, Aleipata, Upolu. 62 and 13, Manono. 19, Nuulopa. 1 9, Apolima. 
19, Savaii. In vegetation and dead leaves. Type 2 from Aleipata. 

Female. Length 1:71mm. Carapace, sternum and legs yellowish brown, 
carapace and sternum with narrow dark borders. Abdomen pale with three pairs of 
irregular white patches followed by a median band of white patches along the dorsal 
surface. A row of three groups of two or three white patches on each side of the 
abdomen. Three pairs of very dark grey markings arranged in zig-zag fashion on 
the dorsal surface between the median and lateral rows of white patches. Under- 
side pale with dark patches in the region of the lungs joined by an indistinct dark band 
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and three dark patches in a transverse row halfway between the genital furrow and the 
spinnerets. Other specimens had more extensive dark markings, especially one on 
the side of the abdomen and a band at the distal end of tibia IV. Carapace : Length 
0:79 mm., breadth 0-64 mm. Rounded, almost heart-shaped with the cephalic part 
not clearly marked off. Clypeus height five times the diameter of AME. Eyes: Hight, 
the anterior row slightly procurved, the posterior row slightly recurved. AME 
separated by 3/2 times and from, ALE by less than their diameter. Lateral eyes 
practically touching. PME separated from one another and from PLE by their 
diameter. Ratio of eyes, PLE: ALE: PME: AME=71 : 65:62:50. Breadth of 
eye-group 0-27 mm. Chelicerae : Fused at the base. Fang longer than the groove. 
Prolateral ventral end of the groove with a blunt bifurcated tooth.  Mazillae : Long 
and slightly converging, with conspicuous serrula and dense covering of hooked hairs 
along the median margin. Lip : Rounded, broader than long. Apparently fused to 
sternum, Sternum: Length 0-66 mm., breadth 0-43 mm., convex. Palp: Con- 
spicuous claw with six pectinations. 
heer ies 2 3 & 
4:6 3:9 3-4 2-6 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 1-06 1-14 0-92 0:48 3:59 

II 0-82 0-76 0-60 0-45 2-64 

Til 0:72 0:60 0:47 0:27 2:06 

IV 1-09 1-05 0:52 0:39 3:05 
Tibial Index I, 8-7. Tibial Index IV, 10:3. 


Three claws, the ventral one with one pectination, the dorsal ones with seven on 
I and four on IV. No spines. Several pectinated hairs on the foot of III and a row 
along the length of tarsus TV. One trichobothrium on each metatarsus and three on 
each tibia. Abdomen: Length 1:13 mm., breadth 0-82 mm. Oval, with spinnerets 
almost posterior. Anterior spiracles and epigynum as in figure. Posterior spiracles 
close to spinnerets. No colulus. Six spinnerets, the anterior the largest and 
touching. Anal tubercle large. 

Male. Length 1:87mm. Dark yellowish brown with darker mottlings on the 
abdomen and scattered white spots on the dorsal surface. Carapace : Length 
0-72 mm., breadth 0:53mm. Finely striated areas posteriorly for the abdominal 
stridulating organ. Clypeus height 5-5 times the diameter of AME. Eyes: From 
above, the anterior row recurved, the posterior row straight ; from in front, the 
anterior row straight, the posterior row procurved. AME separated by 3/2 times 
and from ALE by less than their diameter. PME separated from one another 
and from PLE by less than their diameter. Lateral eyes touching. Ratio of eyes, 
ALE: PLE: PME: AME=83 : 68: 60: 41. Breadth of eye-group 0:27 mm. 
Chelicerae : Groove very oblique. One tooth. Mawillae and lp: As in female. 
Sternum: Length 0-44mm., breadth 0:39 mm. Palp: As in figure. 

beget La Ay 2 tao. 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 0:93 1:08 0:93 0:46 3:40 

II 0:74 0:84. 0:65 0:36 2°59 

Til 0:57 0-60 0-44. 0-25 1-86 

IV 0:83 0:96 0-71 0:37 2°88 
Tibial Index I, 7-1. Tibial Index IV, 6:3. 


The pectinated hairs on tarsus IV extend only about halfway along it. Tarsal organ 
1/6 from the proximal end. Abdomen: Length 1-02 mm., breadth 059mm. The 
anterior end is surrounded by a hard sclerite narrow dorsally but extending more than 
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halfway along the ventral surface of the abdomen. There is a pair of lobes on the 
anterior region forming the abdominal part of the stridulating organ. Lach is 
provided with four blunt teeth. Cocoon: 1:6 mm. in diameter. Thin walled so that 
the eggs are easily visible. It is carried attached to the spinnerets and supported 
by one hind leg, an unusual habit in the Theridiidae. Three cocoons contain 26, 
13 and 9 eggs respectively. Diameter of egg 0-4 mm. 

The name suggested is that of the district of Aleipata. 


THERIDION MATAAFA sp. n. (Pl. 58, fig. 11; Pl. 59, fig. 13.) 

29 and limm., swept in the plantation zone between Apia and Afiamalu, Upolu. 

Female. Length 258mm. Pale brown all over, the distal ends of the femora and 
tibiae darker orange-brown. Dorsal surface of the abdomen covered with small 
irregular white patches. These may be arranged in two longitudinal rows anteriorly, 
a series of indistinct recurved crescents in the middle and a median group posteriorly, 
as in the type, or they may be so numerous that they cover the whole area more or less 
uniformly. The type has a few very small white patches on the ventral side of the 
abdomen, but none are present in the others. Carapace : Length 1-00 mm., breadth 
0-79mm. Height of clypeus about twice the diameter of AME. Hyes: Hight, hetero- 
geneous. Anterior row slightly procurved, posterior row straight. AME separated 
by about their diameter and from ALE by about 1/2 of their diameter. Lateral eyes 
touching. PME separated by 4/5 of their diameter and from PLE by slightly less. 
Ratio of eyes, PME: ALE: AME: PLE=107: 100: 91:72. Breadth of eye-group 
0-37 mm. Chelicerae: Slender. Promargin of the groove with three teeth, the ventral 
one being the largest. The retromargin with five very small teeth. Mavzillae: Con- 
verging and obliquely truncated. More than twice as long as the lip. Lip: Semi- 
circular. Free. Sternum: Length 0-66 mm., breadth 0-55 mm. Convex, pointed 
behind. Indentations for the coxae. Palp: Claw with five pectinations. Two tricho- 
bothria on tibia. 

mee eM) Dhan 133 


46 3-5 3:3 2-6 
Femur Pat. & Tib. Metatarsus Tarsus Total 
T 1-48 1-42 1:10 0:57 4:57 
II 1-10 Weis} 0:79 0:44 3:49 
II 0:84 1:82 0:60 0:36 2-62 
IV 1-03 1-08 0-80 0:43 3°34 
Tibial Index I, 10-5. Tibial Index IV, 8-6. 


Three claws, upper with eight pectinations, the lower with one. No spines. [I and 
TI with three trichobothria on the tibia, III with five and IV withsix. Metatarsi with 
one trichobothrium. A few pectinated hairs on foot III and a row on tarsus IV. 
Abdomen: Length 1:73 mm., breadth 1-34mm. Rounded. Colulus very small, 
anterior spinnerets largest and in contact. Epigynum a transverse furrow between 
the spiracles with dark spermathecae visible through the skin. Posterior spiracle close 
tothe spinnerets. Anal tubercle small. 

This species is named for the Hon. the Mataafa. 


THERIDION CATHARINA sp. n. (PI. 59, figs. 6, 11.) 

19, Apia, Upolu, under stone. 

Female. Length 3:09mm. Carapace, sternum, legs and mouth parts brown, 
carapace with dark margin and dark between the eyes, sternum with dark margin. 
Abdomen dark with light speckling. Carapace : Length 1-34 mm., breadth 1-26 mm. 
Heart-shaped. Height of clypeus 2-3 times the diameter of AME. Eyes : Hight, hetero- 
geneous. Anterior row slightly recurved, posterior row straight. AME separated 
by less than their diameter from one another and from ALE. PME separated 
by 7/10 and from PLE by slightly more than their diameter. Ratio of eyes, 
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PLE: AME: PME: ALE=112: 100: 97 : 90. Breadth of eye-group 0:57 mm. 
Chelicerae : Two prolateral teeth, the ventral larger one with a small cusp on its dorsal 
side. Mazillae: Long, more than twice the length of the lip, and parallel. Very little 
scopula, so that the rostrum is unusually clearly visible. Its tip 1s provided with a 
scopula of hooked hairs similar to those of the maxillae. Lip: Broader than long, 
fused to the sternum. Sternum: Length 0-80 mm., breadth 0:80 mm. Blunt point 
behind separating coxae IV. Palp: Claw with three pectinations. One 
trichobothrium on the tibia. 
legion st ee oe, 


4843 38 32 
Femur Pat. & Tib. Metatarsus Tarsus Total 
I 1-74 DEA | 1-54 0:80 6:29 
II 1-60 1-67 1-21 0-71 5:19 
Ill 1-30 1-36 0:98 0-69 4:34 
IV 1-80 1:98 1:30 0:73 5:81 
Tibial Index I, 8:3. Tibial Index IV, 10-7. 


Three claws pectinated, the pectinations increasing in length distally. On I the 
proclaw with five, the retroclaw with eight and the ventral claw with two pectinations. 
Tarsal organ 1/6 from the proximal end. I, II and III with three trichobothria on the 
tibia, IV with four. Comb of pectinated bristles along the whole length of tarsus IV. 
Abdomen : Length 1-68 mm., breadth 1-57 mm. Rounded with an anterior depression 
extending back along the anterior dorsal surface. Six spinnerets, anterior only slightly 
larger than the posterior and close together. No colulus. Epigynum in the form 
of a dark loop projecting anteriorly to the genital furrow. 

This species is named for Miss McHugh who helped in the collecting. 


THERIDION CALIGINOSUM sp. n. (Pl. 58, figs. 16, 20.) 

69, Afiamalu, Upolu, in a cave, inhabited by bats.and through which a stream 
runs, in total darkness, some 50 yards from the entrance. Made tangle webs in the 
hollows of the rocks. 

Female. Length 1:89 mm. Cephalothorax and legs orange-brown, the abdomen 
greyer. Some specimens had a darker grey abdomen with a very faint pattern 
consisting of a double row of pale patches along the dorsal side and others on the sides. 
Eyes surrounded with black. Carapace : Length 0-86mm., breadth 0-80 mm. 
Height of clypeus three times the diameter of AME. Eyes: Hight, heterogeneous. 
From above, anterior row recurved, posterior row straight. From in front, anterior 
row straight, posterior row procurved. AME separated by more than and from ALE 
by less than their diameter. PME separated by 2/3 and from PLE by 1/2 of their 
diameter. Lateral eyes almost touching. Ratio of eyes, PLE : PME: ALE : AME= 
126 : 122:106:77. Breadth of eye-group 0-39mm. Chelicerae: Fused at the base. 
Fang longer than the groove. Three prolateral teeth, the largest at the ventral end of 
the groove, anda minute retrolateral tooth. Mawillae : Long and more or less parallel 
Scopula of hooked pectinated hairs on the median margin and the median half of the 
distalend. Lip: Broader than long, fused to sternum. Sternum : Length 0-46 mm 
breadth 0-55 mm. Convex, heart-shaped. Palp: Claw with four pectinations j 

Tagen) lets 

4-7 3-9 3:5 2:8 


Femur Pat. & Tib. Metatarsus Tarsus Total 

if 1:16 1:38 0-95 0-55 4-05 
II 0-95 0:96 0-68 0-46 3-05 
Til 0:78 0:70 0:53 0:44 2-46 
IV 1:07 1-11 0-71 0-49 3:38 


Tibial Index I, 8-7. Tibial Index IV, 10-0. 
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Three claws. slender, the dorsal ones pectinated about four or five, the ventral 
one with one pectination. Pectinated hairs on the feet and along the whole length of 
tarsus IV. Tarsal organ 0-6 from the proximal end. One trichobothrium on meta- 
tarsi I, II and III. On the tibiae, two on I, three on II and III, and four on IV. 
Abdomen : Length 1:27 mm., breadth 1-04 mm. Rounded with the spinnerets 
ventro-posterior. No colulus. - Six spinnerets in a compact group. Epigynal 
Tegion a conspicuous brown shield, apparently due to secretion filling the opening, 
as seen in the cleared skin. Posterior spiracle close to spinnerets. Tracheal 
system : In the cleared skin it appears that the opening may consist of two spiracles 
close together. There is a common atrium from which arise a pair of short median 
and a pair of long lateral tracheal tubes which are confined to the abdomen. 


THERIDION SOLOA sp. n. (PI. 59, fig. 7.) 


1.9, Afiamalu, Upolu, from moss in the forest. 


Female. Length 0-97mm. Cephalothorax and appendages greyish brown, 
abdomen grey. Carapace: Length 0-45 mm., breadth 0-39 mm. Height of clypeus 
about four times the diameter of AME. Eyes: Eight, heterogeneous. From above, 
anterior row recurved, posterior row very slightly recurved. From in front, anterior 
row straight, posterior row procurved. AME separated by their diameter and from 
ALE by 1/2 of their diameter. PME separated by 5/6 and from PLE 4/5 of their 
diameter. Lateral eyes touching. Ratio of eyes, PLE: ALE: PME: AME= 
76: 67:58:38. Breadth of eye-group 0-17mm. Chelicerae: Fused at base. Fang 
longer than groove. Three promarginal teeth, two small ones and one large one at the 
ventral end of the groove. Mazillae : Wide, converging but not meeting. Lip: Free, 
wider than long, truncated anteriorly. Sternwm: Length 0-16 mm., breadth 
028mm. Convex. Posterior legs widely separated. Palp: Long slender claw. 
One trichobothrium on tibia. 

megs, 1 id 2 8 
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Femur Pat. & Tib. Metatarsus Tarsus Total 

I 0-37 0:38 0-21 0:23 1-19 

II 0-30 0-32 0-17 0-19 0:99 

III 0-22 0:26 0-15 0:19 0:81 

IV 0-34 0:36 0-20 0-19 1-10 
Tibial Index I, 12-2. Tibial Index IV, 14:4. 


Three slender claws, proclaw pectinated two. No pectinated hairs nor spines. 
Tarsal organ 36% from proximalend. Trichobothria not unusually long but with an 
unusually large cup at the base. I and II: one trichobothrium on the metatarsi 
and two on the tibiae. II andIV: fouron the tibiae. Abdomen: Length 0-50 mm., 
breadth 0-53 mm. Rounded, with spinnerets ventral. Six spinnerets close together. 
Colulus present. Epigynum as in figure. Posterior spiracles not certainly dis- 
tinguished, but there appear to be two halfway between the spinnerets and the 
genital furrow. 

This species is named for the Hon. Leiataua Soloa. 


THERIDION MANONOENSE sp. n. (PI. 59, fig. 1.) 


1 3, Manono. 

Male. Length1:830mm. Pale brown. Patellae and distal ends of tibiae, orange. 
Double row of white areas on the dorsal surface of the abdomen, scattered white 
spots on the sides and one or two ventrally. Reddish round the eyes. Carapace : 
Length 0-78 mm., breadth 0-68 mm. Four long forwardly directed hairs in the region 
between the eyes and the thoracic groove, which is transverse. Hyes: Hight, 
heterogeneous. From above, anterior row recurved, posterior row straight. From 
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in front, anterior row straight, posterior row procurved. AME separated by less 
than, and from ALE by 1/3 of their diameter. PME separated by less than 
and from PLE by 2/3 of their diameter. Lateral eyes touching. Ratio of eyes, 
PME: ALE: AME: PLE=98: 95 : 93 : 78. Breadth of eye-group 0-38 mm. 
Chelicerae : No teeth, but a projection at the ventral end of the groove. Mawillae : 
Median margins parallel, lateral margins converging, distal end truncated obliquely. 
Lip: Fused, broader than long. Sternum.: Length 0-45 mm., breadth 0-48 mm. 
Palp: As in figure. = 
Lege el. H2NIke 3 


6-4 4:7 4-0 3-17 
Femur Pat. & Tib. Metatarsus Tarsus Total 
I 1-41 1-74 1:38 0-47 5:00 
iL 1-10 1-21 0:94 0-40 3°63 
Ill 071 0:72 / 0:68" 0-34 2-45 
IV 0:99 — “*' 0-95 0:79 0:37 3:09 
Tibial Index I, 6-0. Tibial Index IV, 8-2. 


Three claws. Prolateral with three large pectinations, retrolateral with five small 
ones, ventral with one small one. Two or three pectinated bristles on foot IV, no 
row along tarsus IV. Tarsal organ 1/4 from the proximal end. One thin spine on 
each patella and two on each tibia. Last leg with a number of additional stout 
bristles or thin spines. One trichobothrium’ on metatarsi I, II and III, two on 
tibiae I and II and four on tibiae III and IV. Abdomen: Length 0°93 mm., 
breadth 0:88 mm. Six spinnerets in a compact group, the posterior slightly the 
longest. No colulus. 


THERIDION PHYLLICOLUM sp.n. (PI. 57, figs. 13, 16, 22.5 Pl. 58, fig. Lye 


10 2 and 5imm., 1 g and 1 imm., Apia district, Upolu, usually on the backs of the 
large leaves of a certain shrub. 

Female. Length 0-98 mm. Pale cream colour, slightly yellower on the abdomen. 
AME black. Carapace: Length 0-36mm., breadth 0-34mm. Eyes large and 
protuberent. Hyes: Hight, heterogeneous. From above, both rows are straight, from 
in front, the anterior row is straight, the posterior one procurved. AME separated 
by about 1/3 and from ALE by about 1/2 of their diameter. PME separated by 
about 6/7 of their diameter, and touching PLE. Lateral eyes touching. Ratio 
of eyes, PME: ALE: PLE: AME=76 : 75: 60: 21. Breadth of eye-group 0-17 mm. 
Chelicerae : No boss. Two teeth with a small one between them on the promargin 
of the groove, two teeth and three small ones ventral to them on the retromargin. 


The space between the two rows of teeth filled with minute teeth. Mazillae : Converg- 


ing but not meeting. Conspicuous dark serrula. Lip: Much broader than long. 
Sternum: Length 0-24 mm., breadth 0:24mm. Strongly convex. Posterior coxae 
widely separated. Palp: No claw, One trichobothrium on the tibia. 

Lega 2 sues 


2:8 2-4 2-3 2:3" 


Femur Pat. & Tib. Metatarsus Tarsus 
I 0:27 0:36 0-16 0-16 nie 
II 0:24 0:29 0-18 0-13 0-85 
iil 0-21 0-32 0-17 0-14 0-84 
IV 0-23 0-28 0-18 0-14 ©. 0-83 
Tibial Index I, 14:8. ’ Tibial Index IV, 18:1. 


Three claws, not pectinated. Very few pectinated bristles. No spi 

’ : : spines, but a stout 
bristle on each patella and at the proximal end of each tibia. One eichobethee | ee 
each metatarsus except IV and three on each tibia except IV on which there are four 
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Abdomen : Length 0-65 mm., breadth 0:70 mm. Rounded with ventral spinnerets, 
height 0-80 mm. Six spinnerets, anterior largest and contiguous. Colulus small, with 
2 bristles. Epigynal region simple. Posterior spiracle about 1/3 of the distance 
between the colulus and genital furrow in front of the colulus. Respiratory system : 
The anterior spiracles lead to lung-books, seen in potash-cleared specimens to have 
five elongated leaves. The posterior spiracle leads to an atrium from which arise 
two short median tracheal tubes and two long unbranched lateral ones which are 
confined to the abdomen. Cocoons: A thin silk covering over the eggs. Five 
contained six, seven, seven, seven and nine eggs or spiderlings respectively. 

Male. Length 0-60 mm. The small size and condition of the specimen precluded 
adequate measurement, but it resembled the female in general characters. The 
palp is short with a rounded palpal organ, as in the figure. 

This species is named on account of its special habitat. 


LINYPHIIDAE. 
BaTHYPHANTES PARADOXUS Berland. - (PI. 59, fig. 18.) 


20 2 and limm., 4 gj and 5imm., Upolu, in various localities but mostly in the 
inland forest. The species was described by Berland from a male, the female has 
not previously been recorded. 

Female. Length 2:72mm. Carapace with pattern of brown and pale brown as 
in the male, but the pale areas are more extensive and reach the edge of the carapace 
on each side of the cephalic region and posteriorly. Mouth parts and legs pale brown, 
legs indistinctly banded with darker colour. Sternum brown, darker round the edge. 
Abdomen brown with a bold white pattern whose general plan is a broad procurved 
U-shaped band on the dorsal surface, having a pair of lateral and a posterior median 
extension into its concavity, and a lateral extension down each side of the abdomen. 
There is a white spot on each side, and a white transverse bar posterior to the U. 
_ On the ventral surface are two longitudinal white bands, almost meeting in front of 

the spinnerets. Carapace: Length 1:18 mm., breadth 0-93mm. Clypesus height 
twice the diameter of AME. Hyes: Hight, heterogeneous. Anterior row straight, 
posterior row slightly recurved. AME separated by 1/6 and from ALE by more than 
twice their diameter. Lateral eyes touching. PME separated by 3/2 times their 
diameter and from PLE by slightly less. Ratio of eyes, ALE: PME: PLE: AME 
—135:121:115:98. Breadth of eye-group 0:93 mm. Chelicerae: Groove 
slightly oblique. Five sharp teeth on the promargin and five smaller ones on the 
retromargin. The groove is not sinuous as in the male and the arrangement of 
teeth is different. Mawillae: Converging, but not meeting. Lip: Broader than 
long. Sternum: Length 0-72 mm., breadth 0-76 mm. Convex, extending between 
coxae IV which are well separated. Palp: No claw. Spines on tarsus, tibia and 
patella. Three trichobothria on tibia. 

SCG an! ik eee: Sar} 

5:8 5:2 4:5 35° 


Femur Pat. & Tib. Metatarsus Tarsus Total 

I 1:77 2-08 1-84. 1:14 6-84 

Il 1-72 1:88 1-54 0:99 6-12 

BEE 1-24. 1-18 1-05 0:67 4-14 

IV 1-55 1:50 1-42 0:91 5:38 
Tibial Index I, 8-2. Tibial Index IV, 8-5. 


Three claws, the dorsal ones with six very small pectinations. One dorsal bristle 
on each patella and two on each tibia. One retrolateral one level with the distal one 
on tibia II. One trichobothrium on each metatarsus and five on each tibia. Tarsal 
organ 1/4-1/3 from the distal end. Abdomen : Length 1-85 mm., breadth 1:14 mm. 
Spinnerets posterior, the anterior longest. Colulus present, relatively large. Anal 
tubercle transversely elongated. Genital region elevated, a transversely elongated 
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oval with a median longitudinal dark ridge. Ridged plates on the petiolus. Tracheal 
system : From an atrium close to the spinnerets a pair of short median and a pair 
of long lateral tracheal tubes arise. Web - One web was observed. It was close to the 
ground and consisted of a tangle of threads containing a domed sheet with a flat 
horizontal sheet a little way below it. 


DySCHIRIOGNATHA OCEANICA Berland. (PI. 59, fig. 17.) 

6 2 and 1 imm., Upolu, near Apia and Poutasi, under stones in the bush. 
19,Manono. This has more of an abdominal pattern than the others. 

Berland (1929) described this species from a single male collected at Malololelei, 
in Upolu. He stated that the posterior spiracles were “ trés rapproche des filieres, 
dont il est séparé par un peu plus que la longueur des filitres inférieures ”. Elsewhere 
he stated (1935) that in the genus Dyschiriognatha they are halfway between the 
spinnerets and the genital furrow. In the genus Hivaoa (Berland 1935) the median 
eyes are on an elevation and the PME are much larger than the AME ; the spiracles 
may be posterior, or halfway between the spinnerets and the genital furrow. ; 

The present specimens are all females. They differ from the type of D. oceanica 
in having a less well-marked colour pattern, four teeth instead of three on the 
retromargin of the cheliceral groove, and the posterior spiracles in the more anterior 
situation. The eyes, however, do not resemble those of Hivaoa. It seems best to 
place them provisionally in this species, already known from Samoa, and the female is 
accordingly described below. 

Berland placed the genera Hivaoa and Dyschiriognatha close to Pachygnatha. 
Petrunkevitch (1928) placed the last two in the Tetragnathinae, and stated (1933) 
that the tracheal system in this subfamily is restricted to the abdomen and has 
a spiracle close to the spinnerets. He mentions the fact that in the genera T'ennes- 
seellum, Glenognatha and Dyschiriognathathe spiracle is more anteriorly situated, though 
the position varies in different species of Dyschiriognatha, but that the tracheal 
system was unknown. The tracheal system of the present species is clearly quite 
unlike that of the Tetragnathinae, extending as it does very extensively into the 
cephalothorax, and a new family may be necessary to receive it and the related 
genera. 

Female. Length 3:10mm. Carapace dark reddish brown posteriorly, laterally 
up to the cervical groove and along the dorsal surface as far as the eye-group. 
Remainder paler brown. Dark patches around the median eyes separately and 
around the lateral eyes together. A thin dark line just in front of the AME and 
curving round them, and a thin dark margin to the carapace. Chelicerae, maxillae 
and sternum, dark reddish brown, lip darker. Abdomen grey, lighter above, with 
a round grey mark in the posterior dorsal region. A broad band of irregular silver 
splashes along the sides, and a few small silver marks in the pale dorsal region. 
Legs light brown. Carapace: Length 1:25mm., breadth 0-92mm. Height of 
clypeus less than half the breadth of the eye-group. The region with the median eyes 
elevated. Hyes :; Eight, homogeneous. Anterior row slightly procurved, posterior 
row slightly recurved. AME separated from one another by about 5/4 of their 
diameter, from ALE by about their diameter and from PME by less. PME separated 
from one another by 3/2 and from PLE by 5/4 of their diameter. Ratio of eyes, 
PME: AME: ALE: PLE=102 : 96 : 94 : 86. Breadth of eye-group 0:54 mm. 
Chelicerae: Slight boss. Groove oblique, three large triangular teeth on the 
promargin and four smaller ones on the retromargin. On the prolateral surface about 
1/3 from the base of the fang is a conical projection, and on the retrolateral surface 
are four low irregular projections, Mazillae: Parallel and well separated. Lap : 
Free, twice as broad as long. Sternum: Length 0-72 mm., breadth opposite to 
legs IT, 0-66 mm. Convex ventrally and extending up between coxae IT and III and 
behind coxa IV to join the carapace. Palp : With a claw having four pectinations. 
Two trichobothria on the dorsal side of the tibia, 
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WIEG 85: MAL Bae Ary ES 


4:0 3:6 3:0 2-1 ° 
Femur Pat. & Tib. Metatarsus Tarsus Total 
if 1:36 1:68 1-26 0-71 5-01 
i 1:28 1-51 1:07 1-60 4-46 
III 0:78 0-88 0:59 0:43 2-69 
IV 1-21 1:17 0:86 0-47 3°80 
Tibial Index I, 7:1. Tibial Index IV, 8-5. 


No spines. One trichobothrium on each metatarsus except IV, five on tibiae I and IT 
and six on III and IV. Two trichobothria on each femur except ITI which has one. 
Three claws pectinated in a single row, about nine pectinations on I and about four 
on IV. Two or three pectinated bristles on the last leg. Abdomen: Length 1:78 mm., 
breadth 1:31 mm. Rounded, spinnerets not visible in dorsal view. Anterior 
spiracles small and wide apart. No epigynum, merely a long transverse fold well 
behind the anterior spiracles, the posterior spiracle being halfway between this 
and the spinnerets. Six spinnerets, colulus and small anal tubercle. Tracheal 
system : From a common atrium two large tracheal tubes run forward close together 
in the middle line. About the level of the anterior spiracles each divides into many 
small tracheae which enter the cephalothorax, several extending into each limb. 
On the outer side at the base of each large trunk a small tracheal tube is given off, 
which runs forward lateral to the large trunk and divides about the same level. 
On the outer side of the main trunk, anterior to the origin of the small lateral tube, 
a large number of small tracheal tubes arise close together and extend throughout 
the abdomen. 


DYSCHIRIOGNATHA UPOLUENSIS sp.n. (PI, 59, figs. 19, 20, 21.) 

1 3, Alisa, Upolu, in forest. 

Male. Length 1-78mm. Carapace and sternum light brown with darker 
edges, appendages pale brown. Abdomen pale grey, darker below, with faint narrow 
transverse markings near the posterior end and silvery patches along the sides. 
Carapace: Length 1:00 mm., breadth 0-62mm. Surface smooth in the middle 
but pitted towards the margins. Region of the four median eyes, elevated. Height of 
clypeus about twice the diameter of AME. Eyes: Eight, homogeneous. From above 
both rows procurved, from in front the anterior row straight, the posterior row 
procurved. AME separated by their diameter and from ALE by 2/3 of their diameter. 
PME separated by less than and from PLE by 4/3 of their diameter. Lateral eyes 
touching. Ratio of eyes, AME: ALE: PME: PLE=103 : 98 : 97 : 82. Breadth of 
eye-group 0-37 mm. Chelicerae : Long and divergent. Groove oblique with three 
teeth on each margin, those on the promargin being the larger. One tooth in 
each row is near the base of the fang, the others near the opposite end of the groove. 
The fang has a distinct angle or tooth near the middle ofits ventral surface. Mazillae : 
Long and slightly converging. Lip : Rounded, broader than long. Sternwm : 
Length 0:48 mm., breadth 0-43 mm. Slightly convex, truncated anteriorly and 
extending between the fourth coxae. Extensions behind coxae IT and IV unite 
it with the carapace. Palp: As in figure, with very prominent smooth bulb and 
long narrow cymbium and paracymbium. Three trichobothria on tarsus. 

Tegge tals 206 & 


3-9 3-4 2-8 22° 
Femur Pat. & Tib. Metatarsus Tarsus Total 
qf 1-09 1-24 1-03 0:50 3°86 
Il 0-91 1-23 0:79 0:43 3°36 
Til 0-64 0-70 0:50 0:36 2:20 
IV 0-82 0:98 0:69 0°33 2-82 
Tibial Index I, 14-4, Tibial Index IV, 12-0. 


34” 
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No spines. Three claws, on leg I the proclaw with five and the retroclaw with nine 
pectinations. Trichobothria, tibiae with five in two rows, one on metatarsi 1, IT 
and III. ‘arsal organ slightly distal to the middle of the tarsus. Abdomen : 
Length 0:96 mm., breadth 0-72 mm. Oval. Six small spinnerets. Small colulus 
present. ‘The spiracles could not be distinguished. 

This species differs from D. oceanica in coloration, in the cheliceral teeth and 
in the absence of anterior apophyses on the chelicerae. The region with the median 
eyes is elevated, but the PME are not distinctly larger than the AME. It accordingly 
seems to belong in the genus Dyschiriognatha rather than Hivaoa. 


LINYPHIA PALMARIA sp. n. (PI. 58, figs. 21, 22, 23, 24.) 


39,13, Apia, Upolu, under coconut husks in a plantation. 

Female. Length 280mm. Carapace, sternum and abdomen, greyish brown, 
legs and mouthparts brown. Carapace : Length 0-98 mm., breadth 0-80 mm, 
Clypeus height three times the diameter of AME. Eyes: Hight, heterogeneous. 
Both rows straight. AME separated by about 1/2 their diameter and from ALE by 
their diameter. Lateral eyes touching. PME separated by more than 1/2 and 
from PLE by less than their diameter. Ratio of eyes, PLE : ALE : PME : AME 
—94:91:82:64. Breadth of eye-group 0:-46mm. Chelicerae : Groove oblique. 
Three large widely spaced teeth on the promargin and three or four small closely 
spaced teeth on the retromargin, all near the ventral end. Mazillae: Broad and 
parallel. Lip: Broader than long. Sternum : Length 0-66 mm., breadth 0-61 mm. 
Margin very slightly notched for the coxae. Coxae IV well separated. Palp: No 
claw. One spine on patella, three on tibia and many on tarsus. Three trichobothria 
on tibia. 

begs) VF 4. 2 23 

55 45 43 3-4" 


Femur Pat. & Tib. Metatarsus Tarsus Total 

i 1-22 1-47 1-11 0:80 4-61 

ih 1-17 1:38 0-99 0-70 4-24 

Til 0-98 1-02 0:76 0-62 3°38 

IV 1-26 1-44 1-06 0-68 4-44. 
Tibial Index I, 8-4. Tibial Index IV, 7:4. 


Three claws. On leg I the dorsal ones have 12 minute pectinations. Tarsal 
organ 4:3 of the length from the distal end. One spine on each patella. Two 
dorsal and one retrolateral on tibiae I and II, two dorsal on tibiae III and IV. 
One spine on femora [I and II. ‘Trichobothria, one on metatarsi I, II and ITT, 
four on tibiae I and IT, five on III and six on IV. Abdomen: Length 2-11 mm., 
breadth 1-33 mm. Oval, spinnerets posteroventral. Relatively large colulus. 
Epigynum, oval raised brown area as in figure. 

Male. Length 252mm. Carapace brown, darker round the edge, legs brown. 
Abdomen and sternum greyish. Carapace: Length 1:22 mm., breadth 0-88 mm. 
Clypeus height about three times the diameter of AME. yes: AME separated by 
about 1/3 and from ALE by about 5/6 of their diameter. Lateral eyes touching. 
PME separated by less than 1/2 and from PLE by 1/2 of their diameter. Ratio of 
eyes, PME: ALE: PLE: AME=109 : 103: 90: 67. Breadth of eye-group 0:50 mm. 
Chelicerae : Slender and slightly diverging, groove oblique. Three teeth on the 
promargin, the median the largest, and two smaller ones on the retromargin. 
Conical projection near the base on the prolateral side. Mavzillae: Slightly con- 
verging. Lip: Broader than long. Sternwm : Length 0-71 mm., breadth 0-69 mm 
Slightly notched for the coxae. Coxae IV well separated, Palp: As in figure 

Legs Ne ae ee 


4-4 4.1 3:1 % ° (Leg IV incomplete.) 
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Femur (Patecr Libs Metatarsus Tarsus Total 
I 1°50 1-70 1-24 0:94. 5:35 
II 1-43 1-57 1-19 0-84 5:03 
Til 1-02 1-18 0-95 0-61 5) 7 
IV 1-54 — a — — 


Tibial Index I, 7:3. 
Abdomen: Length 1:44 mm., breadth 0:80 mm. 


LINYPHIA TUASIVIA sp. n. (PI. 59, figs. 2, 3.) 

_ 29,13. One female from under husks in a plantation near Apia and the other 
from a Cyrtophora web at Aleipata, Upolu, the male from Savaii. 

Female. Length 2:25mm. Dark greyish brown, carapace darker round the 
edge and legs lighter brown. Dorsal side of abdomen with indistinct pattern in 
the form of a median band with a broad transverse band about one-third from the 
anterior end and a series of narrower ones behind it. Carapace: Length 0-86 mm., 
breadth 0-64mm. Height of clypeus 5/2 times the diameter of AME. Hyes: Hight, 
all dark. Anterior row straight, posterior row slightly recurved. AME separated 
by less than and from ALE by 1/3 of their diameter. Lateral eyes touching. PME 
separated by more than and from PLE by less than their diameter. Ratio of 
eyes, ALE: PLE: PME: AME=96:77:70:61. Breadth of eye-group 0:34 mm, 
Chelicerae : Groove oblique. Promargin with four teeth, the second from the ventral 
end being the largest, retromargin with four small teeth. Mazillae: Broad and parallel. 
Lip: Broader than long. Sternwm: Length 0-61 mm., breadth 0-56mm. Convex, 
extending up behind the last coxa. Palp: No claw. Spines, one on patella, one on 
tibia and several on tarsus. Two trichobothria on tibia. 

Leder A 4-2. 3 


3°9 3:7 3°6 3:0 © 
. Femur Pat. & Tib. Metatarsus ‘Tarsus Total 
I 0-89 1-11 0:76 0-61 3:36 
IL 0-84. . 0:97 0-72 0-54. 3°09 
il 0:74. 0-77 0-63 0-43 2°57 
IV 0-90 1-10 0:72 0-51 3:22 
Tibial Index I, 9-4. Tibial Index IV, 8-4. 


Three claws, the dorsal ones with about nine very small pectinations. Tarsal organ 
I 2/5 from the distal end. Spines, one on femora I and II, one on each patella, two 
on each tibia. Trichobothria, one on metatarsi I, IJ and II, five on tibiae I and I, 
six on III and seven on IV. Abdomen: Length 1-53 mm., breadth 088mm. Spinnerets 
posterior. Colulus present. Anterior spinnerets longest. Epigynum oval and 
projecting, as in figure. 

Male. Length 2:08mm. Colour as in female. Carapace : Length 0-92 mm., 
breadth 0-70 mm. Height of clypeus more than three times the diameter of AME. 
Eyes: Rows straight. AME separated by 2/3 and from ALE by almost their 
diameter. Lateral eyes touching. PME separated by almost their diameter and 
also from PLE. Ratio of eyes, PME: ALE: AME: PLE=69 : 64 : 62 : 54. Breadth 
of eye-group 0:37 mm. Chelicerae : Stridulating organ in the form of fine parallel 
striations on the outer surface. Mazilla and lip as in female. Sternum.: Length 
0-55 mm., breadth 0-55mm. Palp: As in figure. 

Jie a hawt 2-3 


3-7 3-6 3-2 2-77 
Femur Pat. & Tib. Metatarsus ‘Tarsus Total 
I 0:84 1-15 0-83 0:63 3:45 
IL 0:70 0:97 0:74. 0:55 2-97 
Ul 0-72 0-80 0-58 0-42 2-52 
IV 0-90 1-06 0:80 0-54 3°30 


Tibial Index I, 8-0. Tibial Index IV, 9-0. 
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Abdomen: Length 1-23 mm., breadth 0-60 mm. ; 
This species is named after Tuasivi where the first specimen was collected. 


LINYPHIA SAMOENSIS sp. n. (PI. 59, figs. 10, 14, 15, 16.) 


26 2 and llimm., 11 g and 7imm., Upolu. 19, Manono, under stones and 
vegetation in the bush, and on tree trunks around Apia. 


Female. Length 157mm. Light brown, paler and rather greyish on the 
abdomen. In some specimens there are three rows of four widely spaced small 
white patches on the abdomen. Carapace: Length 0-57 mm., breadth 0-48 mm. 
Inprofile the clypeus rises vertically to the eyes, and the dorsal surface of the carapace 1s 
horizontal for about two-thirds of its length before sloping down steeply to the petiolus. 
Height of clypeus 2-5 times the diameter of AME. yes: Hight, heterogeneous. 
Anterior row straight, posterior row slightly recurved. AME separated by 2/3, 
and from ALE by less than 1/2 of their diameter. PME separated by less than 1/2 
and from PLE by slightly less than their diameter. Lateral eyes touching. Ratio 
of eyes, PLE: ALE: AME: PME=87: 78:75:70. Breadth of eye-group 0-26 mm. 
Chelicerae: No boss. Groove slightly oblique, three small teeth and one larger on the 
retromargin, the largest being the second from the ventral end. Mawillae : Con- 
verging but not meeting. Lip: Slightly broader than long, truncated anteriorly. 
Sternum: Length 0-28 mm., breadth 0-31 mm. Heart-shaped, rounded behind. 
Coxae IV well separated. Palp: No claw. 

Legs al 2 ass 

3:1 2-7, 2-4 2-0 ° 


Femur Pat. & Tib: Metatarsus ‘Tarsus Total 

IL 0:54 0-59 0°30 0°32 75 

Jt 0-46 0-51 0-26 0-30 1-53 

Til 0°33 0:37 0-20 0-24 1-15 

IV 0-40 0-46 0-23 0-27 1-37 
Tibial Index I, 11-8. Tibial Index IV, 11-9. 


No spines, but a large dorsal bristle at the distal end of each patella and near the 
proximal end of each tibia. Three claws, not pectinated. Tarsal organ at the extreme 
proximal end of the tarsus. One trichobothrium on metatarsi I, Il and III,none on IV. 
Four trichobothria on tibiae I and IV, three on II and III. Abdomen: Length 
0-92mm., breadth 0:98mm. Rounded, with ventral spinnerets. Simple genital 
furrow. Colulus present. Six spinnerets, anterior longest. Anal tubercle transversely 
elongated. 

Male. Length 133mm. Colour as in female. Carapace: Length 0-52 mm.., 
breadth 0:53 mm. Very high and overhanging in front, the height being greater 
than the length. Clypeus height 5-5 times the diameter of AME. yes: Anterior 
row slightly procurved, posterior row strongly recurved. AME separated by 3/4 and 
from ALE by 1/2 of their diameter. Lateral eyes touching. PME separated 
by 2/3 of their diameter and from PLE by their diameter. Ratio of eyes, 
AME: ALE :PLE : PME=82 : 80:77:75. Chelicerae, mawillae and lip as in female. 
Sternum: Length 0-26 mm., breadth 0:29mm. Palp: Relatively very large. As 
in figure. : 

Legs > 2a LS 


Femur Pat. & Tib. Metatarsus ‘Tarsus Total 
ic 0-57 0-59 0-16 0-19 1-51 
II 0-46 0-52 0:25 0-30 1:52 
JOH 0-33 0-50 0-19 0-25 1:28 
IV 0-40 0-43 0:23 0-26 1:32 


Tibial Index I, 9-7. Tibial Index IV, 11-4. 
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Legs as in female except for I, which has a large spine on the prolateral surface of 
the metatarsus, with a minute projection distal to it. There are also two large 
spines, close together, on the prolateral surface of the tibia, near the distal end. 
The distal part of the tibia is swollen where the spines are situated. Abdomen : 
Length 0-57 mm., breadth 0-59 mm. 


ARCHAEIDAE, 
AFIAMALU gen. 0. 


_ Differs from other genera in having homogeneous eyes. Resembles Landana 

in the shape of the carapace and in having spines on the legs, but differs in the armature 

of the chelicerae and the presence of a serrula. Type species Afiamalu richardi. 
The genus is named after Afiamalu where the specimens were collected. 


AFIAMALU RICHARDI sp. n. (PI. 58, figs. 6, 7, 10.) 


49 and 8imm., 33, Afiamalu, Upolu, on the ground after tearing aside 
** Mile-a-minute ”’ creeper. 

Female. Length 33mm. Cephalic region brown, rest of carapace pale and. 
- transparent. Darker brown round the eyes, in a stripe about halfway along each 
margin of the carapace and in a trident mark forming the posterior edge of the 
brown cephalic area. A brown longitudinal mark in the middle of the carapace 
with a small spot on each side of it. These are absent, and there is less brown in 
the immature. Legs and sternum brown mottled with darker, coxae and femora IIT 
and IV paler. Chelicerae reddish brown. Abdomen mottled with brown and white. 
Carapace : Length 1-53 mm., breadth 1:00 mm. The anterior part projects forward, 
but the region between the rostrum and the chelicerae is not well chitinized, so that 
they do not arise in a definite opening. Hyes: Hight, homogeneous, alldark. Both 
rows slightly recurved when seen from above, anterior row recurved, posterior row 
procurved when seen from in front. AME separated by 2/3 and from ALE by less 
than their diameter. PME almost touching, separated from PLE by more than 
twice their diameter. Lateral eyes separated by 3/2 times the diameter of ALE. 
Ratio of eyes, PLE: AME: ALE : PME=128 : 123: 100: 79. Breadth of eye-group 
057mm.  Chelicerae : Long and directed downwards. Boss present. No stridulat- 
ing organ. Groove oblique with three stout teeth on the promargin and two minute 
ones on the retromargin. Fang curved. Mawillae: Parallel and widely separated. 
Broader distally with a rounded margin which has a well-developed serrula. Scopula 
on inner margin. Lip: Free, broader than long, rounded anteriorly. Sternum : 
Length 0-48 mm., breadth 0-60 mm. Heart-shaped. Slightly indented opposite 
to the coxae. Palp: Claw, without pectinations. Proximal end of tibia with a 
large dorsal trichobothrium and a smaller one on each side of it. 

Legs: VY 2 4-3 


S300 Ueto. 


Femur Pat. & Tib. Metatarsus Tarsus Total 

Hi 1-56 1-80 1-20 0:54 5-10 

II 1-45 1-52 1-01 0-47 4:95 

ArT 0°83 0:79 0:53 0:30: 2-45 

IV 1-13 0:98 0-64 0:27 3-02 
Tibial Index I, 10-0. Tibial Index IV, 13:4. 


Three claws. Dorsal claws pectinated in a single row, retroclaw with about eight 
pectinations, proclaw with less. Ventral claw long and down curved. A few pec- 
tinated bristles on tarsi II and III, more than one row along the whole length of tarsus 
IV. ‘Tarsal organ present, on I 31-0 o from the proximal end. ‘T'richobothria : 
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Metatarsus I and II, one proximal; tibia, three proximal. III, metatarsus, one 
proximal; tibia, six. IV, tibia, six. Spines. I, metatarsus, one proximal dorsal, one 
large one proximal prolateral, row of small ones on the prolateral surface ; tibia, bath 
prolateral ; femur, four prolateral distal and two dorsal proximal. II, same as I only 
the femur is without the prolateral spines. III, metatarsus and. tibia, one dorsal 
proximal; patella, one distal dorsal. IV, tibia and patella, one distal bali 
Abdomen : Length 1:73 mm., depth 2-37 mm., breadth 1-84 mm. Pear-shaped wit 
the spinnerets at the narrow end, which is ventral. Waist about halfway up one side. 
One pair of stout, blunt, conical processes dorsally and another posteriorly. Colulus 
present. Six spinnerets ina compact group. Anal tubercle normal. Epigynal region 
a simple fold only. 

ee Taatk 2-45mm. Colour as in female. Carapace : Length 1-49 mm., 
breadth 0-91 mm. Shape as in female. The chelicerae are relatively thinner and 
the region of the carapace between them and the rostrum is slightly more chitinized. 
Eyes: As in female. AME separated by more than their diameter and from ALE 
by about 1/2 of their diameter. PME almost touching and separated from PLE by 
more than twice their diameter. Lateral eyes separated by 3/2 times the diameter 
of ALE. Ratio of eyes, AME: ALE: PLE: PME=130: 98: 93: 82. Breadth of 
eye-group 0-48 mm. Chelicerae : As in female but more slender. Five minute pro- 
jections in a row along the proximal half of the outer margin, but they seem too few 
and too widely spaced to constitute a stridulating organ. Mawzillae and lip: As in 
female. Sternum: Length 0-56 mm., breadth 0-60 mm. Asin female. Palp: As 


in figure. 
Legs 1 2:4 3 
3°6 2-9 1-9 15° 
Femur Pat. & Tib. Metatarsus Tarsus Total 
I 1:63 1-88 1-25 0-55 5:31 
II 1-50 1-45 0-95 0-48 4-38 
It 0-79 0:82 0-40 0:30 2°31 
IV 1-05 0°83 0-62 0-32 2-81 
Tibial Index I, 7:0. Tibial Index IV, 11-2. 


Legs as in female but with more spines and with few pectinated bristles on tarsus 
IV. Spines: I, metatarsus, one dorsal and one prolateral proximal; tibia, two 
dorsal, two prolateral and one retrolateral ; patella, one large dorsal distal and one 
small dorsal proximal ; femur, two dorsal, three prolateral, two retrolateral and nine 
ventral. II, metatarsus, as above ; tibia, as above with two retrolateral ; patella, as 
above; femur, two dorsal, one retrolateral and four ventral. III, metatarsus, as above; 
tibia, one retrolateral ; patella, as above ; femur, two dorsal. IV, metatarsus, one 
dorsal ; tibia, two retrolateral ; patella, one distal dorsal; femur, three dorsal and 
one retrolateral. Abdomen: Length 1-04 mm., depth 1-48 mm., breadth 1-04 mm. 
Shape asin female. T'racheal system: The skin of an immature specimen was cleared 
in potash. The spiracle is immediately in front of the spinnerets and leads into a 
small atrium from which four tracheal tubes run forward, the lateral being the longer. 
None could be seen entering the cephalothorax. 

This species seems to link the Archaeidae with the Metinae. Petrunkevitch (1939) 
discussed the family Archaeidae and set out its characters. The most striking of 
these is the separation of the rostrum and the bases of the chelicerae, which is shown 
only moderately in the present species. It most closely resembles the genus Landana, 
having the head projecting forwards and the legs with spines, but differs in the 
armature of the chelicerae, the presence of a serrula and in having eight homogeneous 
eyes. A new genus is erected for it and it is placed provisionally in the Archaeidae. 
It seems likely that this family should be reduced to a subfamily of the Epeiridae, 
if not merged with the Metinae. The species is named for my son Richard. 
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TETRAGNATHIDAE. 
TETRAGNATHA KEYSERLING! Simon. 
2 3, Apia, Upolu, swept-in the bush. Previously listed as 7’. mandibulata 
Walckenaer, but stated by Berland (1942) to be this species. 


TETRAGNATHA PROTENSA Walckenaer. 
3 2, inland in Upolu, in the forest. 


TETRAGNATHA MACILENTA L. Koch. 


11 - and 5 imm., 1 3 and limm., Upolu, in various localities from the coastal 
plantations to the inland forest. 1g and 4imm., Manono. 1 3, Savaii. 


TETRAGNATHA LAQUEATA L. Koch. 
1 9, Upolu. 


TETRAGNATHA PANOPEA L. Koch. 

1Q and limm., 1 J, Upolu. 
Several immature unidentifiable Tetragnathas were also collected. Several 
individuals were seen in which a twig passed diametrically across the web and the 
spider was sitting upon it, or only half of the web was present and the spider sat on 
the twig which formed the base of the semicircle. 


LEUCAUGE INSULARIS Keyserling. 


32 and limm., 23 and limm., Upolu, above Fagaloa Bay, in the highland 
forest. 


LEUCAUGE TUBERCULATA Keyserling. 
— 169 and 24imm.,4 J and 7imm., Upolu. 29 and | imm., Manono, 1g) 9, 
Savaii. In plantations and forest from sea level to the top of the island. Spins a 
delicate, more or less horizontal, web with an open centre. Occasionally on the web of 
Cyrtophora moluccensis. 


Leucauce propica L. Koch. 
6Qand2imm.,1 gimm., Upolu. Near Apia, in bush and at the top of the island. 
1 3, Savaii. 


LEUCAUGE ILATELE sp. n. (PI. 59, fig. 8.) 

29 and 2imm., 2 ¢imm., Upolu, in forest. 2 9, Savaii. 

Female. Length 4:18mm. Yellowish brown all over except ior the sternum, 
which is greyish, and for two greyish streaks from the PME meeting at the thoracic 
groove. There is a slight dark margin to the carapace. The top and sides of the 
abdomen thickly covered with small silvery patches which tend to be arranged in 
longitudinal lines. The lines on the posterior dorsal region diverge posteriorly, 
leaving a narrow unspotted strip in the middle line. Carapace : Length 1-61 mm. 
breadth 1:26mm. The thoracic groove is a roughly lozenge-shaped depression. 
Eyes: Eight, homogeneous. From above, anterior row recurved, posterior row straight. 
From in front, anterior row recurved, posterior row slightly procurved. AME 
separated by 1/2 and from ALE by more than 1/2 of their diameter. PME separated 
from one another and from PLE by about 2/3 of their diameter. Lateral eyes 
touching. Ratio of eyes, ALE: AME: PLE: PME=161 : 155 : 155: 152. Breadth 
of eye-group 057mm. Height of clypeus 4/3 diameter of AME. Chelicerae : 
Groove oblique. Three large teeth on the promargin ; four on the retromargin, three 
being small and the fourth larger one near the base of the fang. Mazillae : Diverging, 
wider distally. Lip: Broader thanlong. ‘Truncated anteriorly and with a transverse 
concavity. Sternum: Length 0-71 mm., breadth 0-76 mm. Heart-shaped with 
indentations opposite to the coxae. Joined to the carapace behind the last coxae. 
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Palp : Claw with nine pectinations. Stout bristles on the tarsus and one each on 
tibia and patella. Six trichobothria on tibia. 
Legs’ ol Wee ete os 
7:2 4:6 4-1 2-4. 


Femur Pat. & Tib. Metatarsus Tarsus Total 

J 3:17 3°80 3°66 0-96 11-59 

18) 2-14 2-42 2-21 0-69 7-46 

III 1-24 1-14 0:99 0:48 3°85 

IV 2-17 2-09 1-86 0-54 6:66 
Tibial Index I, 15:8. Tibial Index IV, 10-9. 


Three claws. Thirteen pectinations on the pro- and nine on the retroclaw. Tarsal 
organ slightly proximal to the centre. Spines: Metatarsi I, two proximal dorsal and 
one retrolateral, II, two proximal dorsal, III, one proximal dorsal and one prolateral, 
IV, one proximal dorsal and two prolateral. Tibiae ; I, two dorsal, three pro- and 
four retrolateral, II, two dorsal and two retrolateral, IIT, one dorsal, IV, two dorsal, 
two pro- and four retrolateral. Patellae, one dorsal. Femora; I, one dorsal, oniee 
pro- and two retrolateral, IT, two dorsal and three retrolateral, IIT, two dorsal, IV, 
three dorsal, two pro- and two retrolateral. Trichobothria ; Metatarsi I, Hf and HI 
one retrolateral. Tibiae ; J, three pro- and four retrolateral, IJ, two pro- and three 
retrolateral, III, five pro- and three retrolateral, IV, six pro- and four retrolateral. 
Femora ; I, two prolateral, II, one pro- and two retrolateral, III, three prolateral, 
IV, six prolateral. The six trichobothria on femur IV are in two rows but they are 


fewer, shorter and much less conspicuous than in many species. Abdomen: Length . 


2:79 mm., breadth 1-79 mm. Ovoid with one pair of humps in the anterior dorsal 
region, no sign of posterior ones. Epigynum as in figure. ; 

This species is notable for the uniform coloration, the two humps and the small 
number of trichobothria on femora IV. 

The name suggested is from the Samoan words for many spots. 


EPEIRIDAE. 


CyYRTOPHORA MOLUCCENSIS Doleschall. 


49 and 12imm., 5 J and 2imm., Upolu. The form and method of construction 
of the peculiar domed sheet-web of this species has been described elsewhere (Marples, 
1947). The webs were only noticed on hedges and shrubs in the lower coastal 
regions, and as they are usually spun contiguously they are often most conspicuous. 
On the first visit in 1945-46 they were easily seen while travelling by car along the 
coast road out of Apia. On the second visit in 1950-51 only one small group was 
found though they were specially looked for. Possibly this was due to the fact 
that December 1950 was exceptionally wet, while in 1945 this month had little rain. 
The largest assemblage of these webs was seen near Aleipata, where the combined 
tangles supporting the domes covered an area about 20 ft. square, and extended up 
some of the trees at least 12 ft. This mass of webs contained about 200 large spiders 
and innumerable small ones making their little domes and tangles between the 
threads of the larger webs. A number of other spiders occurred in these webs, 
especially Conopistha samoensis, one of which was watched eating young Cyrtophora 
as they emerged from a cocoon. The cocoons are made of white silk, but are more 
or less covered and bound together into a string by greenish grey silk. The string, 
which has up to five or six cocoons in it, is suspended vertically in the tangle above 
the dome. The series of cocoons is evidently added to from time to time as in a string, 
the cocoon at one end may be empty, that at the other end contain eggs, and the 
middle ones contain spiderlings. The numbers in three cocoons were 366, 380 and 
466 respectively. The cocoon measures roughly 2014 mm. and is 8mm. deep. 
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HPEIRA THEIST Walckenaer. 


: 33 9 and 43 imm.,5 gand6imm., Upolu. 1 3,limm.,Manono. 1limm., Nuulopa, 
3 imm., Apolima. In all situations where collecting was done, except the wet forest 
inland. On. twigs overhanging the beach, in plantations and in the bush. Though 
very variable in colour, all seemed to belong to this species. They spin a large 
vertical orb web and make a greyish-white sessile cocoon. One contained 231 eggs, 
0-8x0-6mm. Berland (1929) states that Hpeira maculaticeps Li. Koch appears to 
be the most widespread species of Hpeira in Upolu. 


CYCLOSA LITTORALIS L. Koch. 


13 9 and 5imm., 6 f and 2imm., Upolu. 19, Manono. 19, Nuulopa. In the 
bush from sea level to the top of the island. Several from the small island Nuusafee, 
off Poutasi. The males vary in colour. One was like Koch’s figure, others had 
little or no pattern, or were reddish or almost black. One had an abdomen rather 
like the female, others were flattened. The web is vertical and there is a straight 
band of silk and debris, and sometimes cocoons, which blends well with the colour 
of the spider. One was seen with six cocoons in the band above the centre and none 
in the one below. The cocoons contained (1) 42 Ist instar young. (2) 49 spiderlings. 
(3) 48 spiderlings just hatching. (4) 44 eggs well developed. (5) 47 eggs half 
developed. (6) 44 eggs undeveloped. Egg diameter 0-54 mm. 


CYRTARACHNE BISPINOSA Keyserling. 


32 and2imm., Upolu. 19,Manono. In plantations and gardens. The specimen 
from Manono was taken at night on a horizontal orb web of unusua ly open-work 
construction. It was about 25 ems. in diameter with few radii and only four turns 
of the sticky spiral, which were about 25 mm. apart. All the other specimens were 
collected sitting on leaves, when they have a surprising resemblance to bird droppings. 


ANEPSIA RHOMBOIDES L. Koch. 


139, 1g and limm., Upolu. 22, Manono. In forest at all altitudes. Spins a 
relatively large vertical orb web, about 20-25 cms. in diameter, and is peculiar 
in sitting in the centre head upwards. The abdomen is usually of a pearly colour, 
but two were seen which were greenish. 


THERIDIOSOMA LOPDELLI sp. n. (Pl. 59, figs. 4, 9, 12.) 


47 9 and 5imm., 7 dj and 6 imm., Upolu. In the bush in various localities from 
sea level to the top of the island. 


Female. Length 2-49mm.  Carapace pale brown, darker anteriorly, legs and 
sternum reddish brown. Dorsal side of abdomen pale indistinctly mottled with 
darker. Sides chestnut with transverse chestnut bars above the spinnerets, and. 
mottling of chestnut and pale brown on the ventral and ventrolateral sides. The 
colour is very variable, some specimens being pale all over, others with faint brown 
areas on the sides. In general the largest individuals are the darkest and they may 
have banded legs. In two, the anterior dorsal part of the abdomen is silvery. 
Carapace : Length 0-96 mm., breadth 0-97 mm. Cephalic part elevated and marked 
off by a groove. Clypeus height about equal to the diameter of AME. Hyes : Hight, 
heterogeneous. AME separated by 1/3 of their diameter and from ALE by 1/4 of 
their diameter. PME separated by 2/5 of their diameter and from PLE by 2/3 of 
their diameter. Lateral eyes separated by 1/6 of their diameter. Ratio of eyes, 
PME: PLE: AME: ALE=108: 108: 107: 106. Both rows straight. Breadth of 
eye-group 0-5 mm. Chelicerae : Promargin of the groove, which is not well developed, 
has four teeth, the retromargin has two. The area of the groove itself is dotted 
with minute teeth, about 50 in number, arranged roughly m four rows. Mazillae : 
Broad, with scopula of feathery setae and well-developed serrula. Lip : Broader 
than long. Sternum: Length 0-64 mm., breadth 0-51 mm, convex and extending 
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between coxae IV. Palp: No claw. Numerous feathery bristles on tibia and 
tarsus, and one on patella. Two trichobothria on tibia. 
Legs *- glee eae 
3°3 2-9 2-5 18° 


Femur Pat. & ib. Metatarsus Tarsus ‘Total 

I 1-03 1-09 0-67 0:36 3°15 

1H 0:88 0:90 0-60 0:39 PET 

It 0-53 0:55 0-36 0-32 1-76 

IV 0-75 0-88 0-48 0:37 2-48 
Tibial Index I, 20-9. Tibial Index IV, 18-2. 


3 claws. The ventral ones are bent down at right angles and are very long and 
slender with two small pectinations. On legs I and II the retroclaw has a large and 
a small pectination near the tip and is virtually forked. The proclaws have two 
smaller and more equal pectinations near the tip and four lower down. On III and 
IV the tip pectinations seem to be absent. These very specialized feet are doubtless 
connected with the manipulation of the spring web. One trichobothrium each on 
metatarsi I, II and III, that on III being very large. All tibiae with five tricho- 
bothria, three of those on III and IV being very large. Abdomen: Length 1-98 mm. 
breadth 1:75mm. Rounded, overhanging the waist. Spinnerets ventro-posterior. 
Six, the anterior largest and touching. Colulus present. Anal tubercle large. Fold 
close to the spinnerets where the tracheal system opens. In a cleared skin it appears 
that there are two spiracles and a transverse atrium from which two small median 
and two larger lateral tracheal tubes arise. Epigyne a simple plate with overhanging 
posterior edge. Ridged plates on petiolus. 

Male. Length 115mm. Carapace and legs pale brown, abdomen lighter, 
greyish below. Carapace: Length 0-47 mm., breadth 0-60 mm. Cephalic region 
elevated. Clypeus height 7/8 of the diameter of AME. Hyes : AME separated by 
about 1/4 of their diameter, and from ALE by almost 1/2 of their diameter. Lateral 
eyes touching. PME separated from one another by 3/7 and from PLE by 5/7 of 
their diameter. Ratio of eyes, AME: ALE: PME: PLE=81 : 76:73:73. Anterior 
row straight, posterior row slightly procurved. Breadth of eye-group 0:32 mm. 
Sternum: Length 0-39 mm., breadth 0:36 mm. Palp: As in figure. 

Legs WS 2 ee aG eS 

3°7 3-2 2-4 20° 


Femur Pat. & Tib. Metatarsus ‘Tarsus Total 

if 0:57 0-60 0:37 0:23 Mogty/ 

{Ut 0:47 0-54: 0:30 0:22 1:53 

Til 0:32 0-31 0-21 0:20 1:04 

IV 0:38 0:39 0-18 0-19 1-14 
Tibial Index I, 18-6. Tibial Index IV, 12-6. 


Abdomen : Length 0:80 mm., breadth 0-70 mm. 

Web very fine, vertical and with the trigger-line from the centre not always at 
right angles to the plane of the web. Web about 8-10 cm. in diameter, and, when 
the trigger-line is tightened, the centre is pulled out about 2cm. with a smooth 
swift movement, making the web into a cone. The spider sits at the centre with the 
head. towards the trigger-line, but its minute size made it impossible to see how it 
handled the thread. Webs were seen with 10, 12 or 13 radii and 13 spirals. Spinning 
is done quickly. The scaffold spiral appears to be very short, perhaps only one 
turn. When spinning was completed, one spider was seen cutting out and joining 
part of the centre, producing the characteristic ‘ rayed ’ structure. 

The species is named for Dr, and Mrs. J. C. Lopdell. 


| 
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SUMMARY. 


Two visits to Western Samoa, totalling some four months, were devoted to the 
intensive collecting of spiders. - 90 species were collected, of which 32 are new and six 
are new records for the islands though recorded elsewhere. Four males and three 
females are described belonging to species known previously only from the other sex. 
Representatives of eight families not previously recorded were found, one family being 
described as new, the Tamasesiidae. The total number of species now recorded from 
Western Samoa is 123, a much larger number than that reported for other island 
groups in the south-west Pacific. The conclusion drawn is that knowledge of the 
spider fauna of this region is still too incomplete for anything but the most tentative 
zoogeographical speculations to be made. 


LIsT OF THE SPIDERS RECORDED FROM SAMOA. 


The letters after the names signify as follows: K, the earlier authors notably 
L. Koch; B, Berland, almost all collected by Buxton and Hopkins; M, recorded in 
the present paper. 


BARYCHELIDAE. GNAPHOSIDAE. 
Idioctis helva L. Koch. M. Zelotes samoensis Berland. B. 
Poictlochroa rollini Berland. M., 
FILISTATIDAE. 
Filistata bakert Berland. M. CLUBIONIDAE. 
Clubiona alveolata L. Koch. K, M. 
ULOBORIDAE. Clubiona samoensis Berland. B, M. 
Uloborus geniculatus Olivier. K, B, M. Chiracanthium diversum L. Koch, K. 
Uloborus bistriatus L. Koch. XK, B, M. Chiracanthium longimanum L. Koch. K., 
Uloborus gibbosus L. Koch. K, B, M. Chiracanthium furaz L. Koch. K, B. 
Uloborus tenellus L. Koch. K, B, M. Chiracanthium mordax L. Koch. K. 
Uloborus tenwissimus L. Koch. K, B, M. Chiracanthium gilwum L. Koch. K. 
Uloborus montiferus sp.n. M. Chiracanthium insulare L. Koch. K. 
; Chiracanthium vorax sp.n. M. 
OECOBIIDAE. Oedignatha mogamoga sp.n. M. 


Ocecobius annulipes Lucas. M. Corinna cetrata E. Simon. M. 


SPARASSIDAE. 
Heteropoda venatoria (Linn.). K, B, M. 
Heteropoda nobilis L. Koch. K, B, M. 


DICTYNIDAE. 
Dictyna bifasciata L. Koch. K, B, M. 
Syrorisa mumfordi Berland. M. 


OONOPIDAE. THOMISIDAE. 


Gamasomorpha loricata L. Koch. K, M. Diaea pretexta L. Koch. K, B, M. 


Ischnothyreus lanutoo sp.n. M. 


Ooncpinus oceanicus sp.n. M. SALTICIDAE. 
Orchestina vainuia sp.n. M. ; Bavia aericeps E. Simon. K, B, M. 
Menemerus bivittatus Dufour. K, B, M. 
TETRABLEMMIDAE. Muziris calvipalpis Keyserling. K. 
Hexablemma castanea sp.n. M. Plexippus paykulli Audouin. B, M. 
Flacilla minuta Berland. B, M. 
SCYTODIDAE. Bianor maculatus Keyserling. K, B, M. 
Scytodes striatipes L. Koch. K, M. Ascylius pterygodes L. Koch. K, B, M. 
Scytodes marmorata L. Koch. K, B, M. Thorellia ensifera Thorell. K, B, M. 
Scytodes domestica Doleschall. K. Athamas whitmet Cambridge. K, B, M, 
Loxosceles rufescens L. Dufour. IKK, B, M. Cytaea piscula L. Koch. K, B, M. 
Cytaea trispinifera sp.n. M. 
OCHYROCERATIDAE. Rarahu nitida Berland. B. 
Ceruleocera ransfordi gen. et sp.n. M. Efate albobicinctus Berland. M. 
Aptacera minuta gen. et sp.n. M. 
LYCOSIDAE. 
PHOLCIDAE, Lycosa inornata L. Koch. K. 
Artema mauriciana Walckenaer. IKK, B, M. Lycosa tongatabuensis Strand. B, M. 
Pholcus ancoralis L. Koch. K, B, M. Lycosella thorellt Berland. B, M. 
Smeringopus elongatus Vinson. K, B, M. 
Physocyclus globosus Taczanowski. B. PISAURIDAE. 


Holocneminus maculatus sp.n, M, Dolomedes facetus I. Koch. K, B, M. 
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AGELENIDALE. Theridion catharina sp.n. M. 
Desis vorax L. Koch. K. Theridion manonoense sp. N. M. 
Theridion mataafa sp.n. M. 
HAHNIIDAE. Theridion aleipata sp.n. M. 
Hahnia berlandi sp.n. M. 
LINYPHIIDAE. 
ZODARIIDAE. Bathyphantes paradoxus Berland. B, M. 
Cryptothele verrucosa L. Koch. K, M. Dyschiriognatha oceanica Berland. B, M. 
Storena aleipata sp.n. M. Dyschiriognatha upoluensts sp. Nn. M. 
Linyphia palmaria sp. n. M. 
SYMPHY TOGNATHIDAL. Linyphia tuasivia sp. n. M. 
Palu samoensis Marples. M. Linyphia samoensis sp. 0. M. 
TAMASESILDAE fam, n. ARCHAEIDAE. 
Tamasesia rotunda gen. et sp.n M. Afiamalu richardi gen. et sp. n. M. 
Tamasesia acuminata sp.n. M. 
TETRAGNATHIDAE. 
THERIIDAE. Tetragnatha keyserlingt Simon. KB; M: 
Conopistha samoensis (Cambridge). K, B, M. Tetragnatha protensa Walckenaer. AG, 183 Wilh 
Conopistha gracilis (1. Koch.) Ks oy Ms Tetragnatha panopaea L. Koch. KB at 
Conopistha sublimis (L. Koch). K. Tetragnatha laqueata L. Koch. Ke Be 
Conopistha unimaculata sp.n. M. Tetragnatha macilenta L. Koch. KB, M. 
Rhomphaea cometes L. Koch. K, B, M. Leucauge insularis Keyserling. K, M. 
Cyllognatha subtilis L, Koch _K. Leucauge tuberculata Keyserling. K, B, M. 
Cyllognatha afinis Berland. B, M. Leucauge prodiga L. Koch. K, B, M. 
Cyllognatha gracilis sp. n. M Leucauge tlatele sp.n. M. 
Ulesanis personata Li. Koch. K, B, M. 
Ulesanis rotunda L. Koch. K, B, M, EPEIRIDAE. 
Theridion mollissimum L. Koch, K. Nephila proliva L. Koch. K. 
Theridion setosum L. Koch. K. Cyrtophora moluccensis Doleschall. K, B, M. 
Theridion ambiguum I. Koch. K. Epeira theisi Walckenaer. K, B, M. 
Theridion rufipes Lucas. K. Epeira corbita L. Koch. K. 
Theridion samoensis Berland. B. Epeira maculaticeps L. Koch. K, B. 
Theridion buxtoni Berland. B, M. Epeira viridis Keyserling. K. 
Theridion hopkinst Berland. B, M. Epeira speculabunda L. Koch. K, B. 
Theridion albidum Berland. B. Cyclosa littoralis L. Koch. K, B, M. 
Theridion adamsoni Berland. M. Gea praecincta L. Koch. Ke 
Theridion albostriatum L. Koch. M, Anepsia rhomboides L. Koch. K, B, M. 
Theridion phyllicolum sp.n. M. Oyrtarachne verrucosa L. Koch. K, B. 
Theridion caliginosum sp.n. M. Cyrtarachne bispinosa Keyserling. K, B, M. 
Therdion soloa sp.n. M. Theridiosoma lopdellt sp.n. M. 
REFERENCES. 


BerLANnp, L. 1929. Araignées (Araneida), in Insects of Samoa, Pt. 8, 35-78. Brit. Mus. 
(N.H.), Lond. 
Brertann, L. 1933. Araignées des Iles Marquises. Bull. Bishop Mus. Honolulu, 114, 39-70. 
BeRLAND, L. 1934a, Les Araignées de Tahiti. Ibid., 118, 97-107. 
Berianp, L. 1934b. Les Araignées du Pacifique, in Contribution a l'étude du Peuplement 
Zoologique et Botanique des iles du Pacifique. Pub. Soc. Biggéogr., 4, 155-180. 
PE 1935. Nouvelles Araignées Marquisiennes. Bull. Bishop Mus. Honolulu, 142, 
BeriaNnp, L. 1938. Araignées des Nouvelles-Hébrides. Ann. Soc. Ent. Fr., 107 (2), 121-190. 
Bertanp, L. 1942. Polynesian Spiders. Occ. Pap. Bishop Mus., 17, (1), 1-24. 
Bonnet, P. 1951. Difficultés de Nomenclature chez les Aranéides. IT. Heteropoda venatoria 
ou regia ? Bull, Soc. hist. nat. Toulouse, 86, 113-116. 
pe Ibis, a ean E. Wns See Die Arachniden Australiens. Niinberg. 
Macnapo, A. DE B. ‘ chyroceratidae (Aranea "An 
Mee eae Rep 5 ( eae) de L’Angola. Publ. Cult. Comp. 
Maretes, B. J. 1947. An unusual type of web con i 
i ee Ose armani b constructed by a Samoan spider. Roy. Soc. 
Marptgs, B. J. 1951 a. Mygalomorph spider in Samoa. Nature, Lond., 168, 300-301. 
Maretes, B, J. 1951b. Pacific Symphytognathid Spiders. Paczf. Scz., 5, 47-51. 
PETRUNKEVITCH, A. 1928. Systema Aranearum. Trans. Conn. Acad. Arts Sct., 29, 1-270 
PrrruNKEvircn, A. 1929. The Spiders of Porto Rico. Pt. 1. Ibid., 80, 1-158. het, ; 
PerrunKevitcn, A. 1933. An inquiry into the Natural Classification of Spiders based on 
‘ a study of re ee Ibid. 31, 299-389. 
ETRUNKEVITCH, A. 8. e status of the fami i 
paneer ert ear, ily Archacidae and the genus Landana. 


Fic. 
Fic. 
Fig. 
Fic. 
Joely 
Fre, 
Fira. 
Fic. 


Fic. 


TG. 
ide 


Fic. 
ices 


inte. 
HIG. 
Fre. 
ETITG. 
Fre. 
Fic. 
Fic. 
Hic. 
FIa. 
Fire. 
FIG. 


idaKe's 
Fic. 
Fic. 
Hie. 
ites 
Fic. 
Fic. 
BIG: 
ETC. 
ues 
Fig. 
Fic. 
Fic. 
FIG. 
Fre. 
Fie. 
Fia. 
Fie. 
Pia. 
RIG. 


Fie. 


Heine 


Ere, : 


SPIDERS FROM WESTERN SAMOA 503 


EXPLANATION OF PLATES, 


PuLate 56. 


1.—Hexablemma castanea. Left side of male, legs omitted. 

2.—Hexablemma castanea. Retrolateral view of left palp. 

3.—Ischnothyreus lanutoo. Prolateral view of leg I of female. 

4.—Orchestina vainwia, Retrolateral view of left palp. 

5.—Orchestina vainuia, Eye-group of female. 

6.—Oonopinus oceanicus. Eye-group of female. 

7.—Apiacera minuta. Eye-group of female. 

8.—Aptacera minuta. Left side of abdomen of female cleared in potash, 
dorsal extension of the spermathecal opening. 

9.—Apiacera minuta. Ventral side of the abdomen of female cleared in potash. 
the spermathecae, whose positions may have been altered. 

10.—Apiacera minuta. Right anterior spinneret of female. 

11.—Ceruleocera ransfordi. Ventral view of the abdomen of female, cleared in potash. 
Showing the main tracheal tubes, some of them cut short. 

12.—Apiacera minuta. Retrolateral view of right palp, cleared in potash. 

13.—Holocneminus maculatus. Anterior view of male with palps removed. Showing the 
projections on the front of the carapace and on the chelicerae. 

14.—Ischnothyreus lanutoo. Eye-group of female. 

15.—Ceruleocera ransfordi. Retrolateral view of right palp, cleared in potash. 

16.—Ascyltus pterygodes. Right chelicera of male seen from below. 

17.—Hexablemma castanea. Eye-group of male. 

18.—Holocneminus maculatus. Genital region of female. 

19.—Patu samoensis. Retrolateral view of right palp. 

20.—Holocneminus maculatus. Dorsal view ot right palp. 

21.—Holocneminus maculatus. Retrolateral view of right palp. 

22.—Cytaea trispinifera. Right chelicera of male seen from below. 

23.—Efate albobicincta. Genital region of female. 

24.—Hfaie albobicinctz. Prolateral view of leg I of female. 


Showing the 


Showing 


Piate 57. 


1.—Storena aleipata Ventral view of female. 

2.—Storena aleipata. Dorsal view of spinnerets. 

3.—Storena aleipata. Dorsal view of carapace. 

4.—Lycosella thorellt. Ventral view of right palp. 

5.—Cytaea trispinifera. Ventral view of left palp 

6.—Oedignatha mogamoga. Ventral view of left palp. 

7.—Oedignatha mogamoga. Retrolateral view of right palp. 

8.—Flacilla minuta. Ventral view of right palp. 

9.—Oedignatha mogamoga. Left chelicera seen from below. 

10.—Oedignatha mogamoga. Ventral view of abdomen. 

11.—Uloborus montiferus. Retrolateral view of left palp. 

12.—Uloborus montiferus. Genital region of female. 

13.—Theridion phyllicolum. Eyo-group of female. 

14.—Tamasesia rotunda. Retrolateral view of right palp. 

15.—Tamasesia acuminata. Retrolateral view of right palp 

16.—Theridion phyllicolum. Right chelicera seen from below. 

17.—Chiracanthium vorax. Ventral view of right palp. 

18.—Tamasesia rotunda, Right side of female with palps and legs removed. 

19.—Tamasesia acuminata. Right side of female with palps and legs removed. 

20.—Tamasesia rotunda, Ventral region of the abdomen of female drawn from a potash 
preparation. Showing the genital region, spiracles and spinnerets. ‘Tracheal tubes are 
omitted, but the spiracular atria and the transverse connections between them, are indicated 
in broken lines. 

21.—Tamasesia acuminata. Ventral region of the abdomen of female drawn from a potash 
preparation. Showing the genital region, spiracles and spinnerets. Tracheal tubes are 
omitted, but the spiracular atria and the transverse connections between them are 
indicated in broken lines. 

22.—Theridion phyllicolum. Retrolateral view of left palp. 

23,.—Tamasesia rotunda, Right chelicera seen from below. 
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SPIDERS FROM WESTERN SAMOA 


PLATE 58. 


1.—Theridion phyllicolum, Ventral view of abdomen of female drawn from a potash 
preparation. The bases only of the tracheal tubes are shown arising from the posterior 
spiracles. The lungs are indicated in broken lines. 

2.—Hahnia berlandi. Ventral view of right palp. 

3.—Hahnia berlandi. Retrolateral view of right palp. 

4.—Hahnia berlandi. Eye-group of female. 

5.—Hahnia berlandi. Ventral view of abdomen. 

6.—Afiamalw richardi. Right side of male with legs and palps removed, 

7.—Afiamalu richardi. Retrolateral view of right palp. 

8.—Hahnia berlandi. Dorsal view of spinnerets. 

9,—Theridion aleipata. Retrolateral view of right palp. 

10.—Afiamalu richardi. Anterior view of carapace and chelicerae. 

11.—Theridion mataafa. Right chelicera seen from below. 

12.—Theridion hopkinsi. Retrolateral view of right palp. 

13.—Theridion aleipata. Right side of abdomen, showing plate and stridulating organ. 

14.—Cyllognatha affinis. Ventral view of left palp. 

15.—Cyllognatha gracilis. Ventral view of left palp. 

16.—Theridion caliginosum. Anterior view of chelicera. 

17.—Cyllognatha gracilis. Retrolateral view of leg I of male. 

18.—Cyllognatha gracilis. Anterior view of carapace and chelicerae. 

19.—Theridion aletpata. Genital region of female. 

20.—Theridion caliginosum. Genital region of female. 

21.—Linyphia palmaria. Retrolateral view of left palp. 

22.—Linyphia palmaria, Genital region of female. 

23.—Linyphia palmaria. Dorsal view of right chelicera of male. 

24.—Linyphia palmaria. Right chelicera of male seen from below. 


PLATE 59. 


1.—Theridion manonoense. Retrolateral view of right palp. 

2.—Linyphia tuasivia, Retrolateral view of left palp. 

3.—Linyphia tuasivia, Genital region of female. 

4.—Theridiosoma lopdelli. Retrolateral view of rizht palp. 

5,—Conopistha unimaculata, Ventral view of left palp. 

6.—Theridion catharina. Left chelicera seen from above. 

7.—Theridion soloa. Genital region of female. 

§.—Leucauge ilatele. Genital region of female. 

9.—Theridiosoma lopdelli. Genital region of female. 

10.—Linyphia samoensis. Right side of male with legs removed 

11.—Theridion catharina. Genital region of female. 

12.—Theridiosoma lepdelli. Claws of leg I of female. 

13.—Theridion mataafa. Genital region of female. 

14.—Linyphia samoensis. Ventral view of right palp. 

15.—Linyphia samoensis. Retrolateral view of right palp. 

16.—Linyphia samoensis. Ventral view of left leg I of male. 

17.—Dyschiriognatha oceanica. Ventral view of abdomen of female drawn from a potash 
preparation. Only the main tracheal tubes are shown. 

18.—Bathyphantes paradoxus. Genital region of female. 

19.—Dyschiriognatha wpoluensis. Left chelicera of male seen from in front, 

20.—Dyschiriognatha wpoluensis, Retrolateral view of right palp. 

21.—Dyschiriognatha upoluensis, Prolateral view of right palp. 

22.—Conopistha unimaculata. Right side of prasoma of male with legs removed. 


MARPLES JOURN. LINN. SOC., ZOOL., VOL. XLII. PL. 56 


Spiders from Western Samoa. For legend see page 503. 


MARPLES 


Spiders from Western Samoa. 


JOURN. LINN. SOC., ZOOL, VOL. XLII. PL. 57 


For legend see page 503. 


MARPLES 
JOURN. LINN. SOC., ZOOL., VOL. XLII. PL. 58 


Spiders from Western Samoa, For legend see page 504. 


MARPLES JOURN, LINN. SOC., ZOOL., VOL. XLII. PL. 59 


VINE Ae 


Spiders from Western Samoa. For legend see page 504. 


ON SOME NEW ACARINA—MESOSTIGMATA FROM AUSTRALIA, ETC. 505 


ON SOME NEW ACARINA—MESOSTIGMATA FROM AUSTRALIA, NEW 
ZEALAND AND NEW GUINEA.* By H. Womerstey, South Australian 
Museum. + 

(With 62 text-figures.) 


[Read 21 October 1954.] 


INTRODUCTION. 


This paper deals with a number of species of Acarina belonging to the Mesostig- 
oS which have been forwarded to the South Australian Museum over a period 
of years. 

The majority of the 69 species described or recorded herewith are from Australia. 

The Acarine Fauna of Australasia and the Pacific in general is as yet comparatively 
little known as compared with that of Europe, and from the many new genera and 
species described herein it is evident that it will be very considerably increased by 
intensive collecting and study. 

It is also evident that when the fauna is more completely known, the many 
unique and curious forms will have a considerable effect on the present classification 
of the Acarina. 

Of the 69 species listed, 53 species and one variety are described as new, while 
16 new genera and one new family are erected. As far as possible the new genera 
have, at least tentatively, been placed within known and recognized families. 

The following is the list of species, etc. described or recorded in this paper, and 
arranged in order based on the works of Oudemans, Vitzthum and Baker & Wharton. 


ASCAIDAE. 
Asca foliata, sp. nov. 
Asca australica, sp. nov. 
Asca major, sp. nov. 
Laelaptiella anomala, gen. et sp. nov. 


PARASITIDAE. 
Bugamasus cunicularis, sp. nov. 


MACROCHELIDAE. 
Macrocheles (Coprholaspis) mykytowycz, sp. nov. 


NEOPARASITIDAE. 


Gamasiphis (Neogamasiphis) femoral (Bks.). 
Gamasiphis (Neogamasiphis) hickmam, sp. nov. 
Gamasiphis (Neogamasiphis) hickmani var. tamborinensis nov. 
Gamasiphis (Neogamasiphis) setosus, Sp. NOV. 
Gamasiphis (Neogamasiphis) queenslandicus, sp. nov. 
Gamasiphis (Neogamasiphis) novae-zelandiae, sp. NOV. 
Gamasiphis (Heteroiphis) australicus, sp. Nov. 
Gamasiphis (Gamasiphoides 1.) propinguus, Sp. NOV. 
Hydrogamasus australicus Wom. 

Hydrogamasus relatus Wom. 

Gamasitus obscurus, gen. et sp. Nov. 

Brontispalaelaps levert, gen. et sp. nov. 

Asperolaelaps rotundus, gen. et sp. nov. 


* This study was assisted in part by a grant from the Trustees of the Science and Industry 
Endowment Fund, 6.8.1.R.0. 
T Acarologist, South Australia Museum. 
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PSEUDOPARASITIDAE, 
Parasitiphis littoralis, gen. et sp. nov. 


GAMASOLAELAPTIDAE. 
Digamasellus conconna Wom. 
Digamasellus tragirdhi Wom. 
Digamasellus semipunctatus Wom. 
Digamasellus tasmanicus, sp. nov. 


HAEMOGAMASIDAE. 
Haemogamasus (Huhaemogamasus) oudemansi Hirst. 


IPHIOPSIDAE. 
Tphiolaelaps myriapodum, gen. et sp. nov. 


LAELAPTONYSSIDAB. 
Laelaptonyssus mitis, gen. et sp. nov. 


PHYTOSEIIDAE. 
PHYTOSEIINAE, 


Lasioseius (Zercoseius) boomsmai, sp. nov. 
Ameroseius ornatus, sp. nov. 

rarmania nesbitti, sp. nov. 

Garmana ¢pomorum Ouds. 

Platyseius queenslandicus, sp. nov. 
Platysevus mackerrasae, sp. nov. 


PODOCININAE. 
Derrickia setosa, gen. et sp. nov. 

VEIGATAIDAE. 
Veigaia gentiles, sp. nov. 

LAELAPTIDAE. 


DAELAPTINAE, 

Laelaps hapaloti Hirst. 

Laelaps assimilis, sp. nov. 

Heterolaelaps antipodianus Hirst. 
Mesolaelaps thalacomys, sp. nov. 
Australolaelaps mitchelli, zen. et sp. nov. 
Haemolaelaps megaventralis (Strandtn). 
Trichosurolaelaps crassipes, gen. et sp. nov. 
Blattilaelaps nawphoetzx, gen. et sp. nov. 
Schizolaelaps bolboceras, gen. et Sp. nov. . 
Schizolaelaps armstrongi, sp. nov. 

Raymentia anomala, gen. et sp. nov. 
Pristolaelaps tasmanicus, gen. et Sp. nov. 
HYPOASPIDINAE, 


Hypoaspis bandicoota, sp. nov. 
Paramelaelaps bandicoota, gen. et Sp, Noy. 
Androlaelaps hermaphroditus Berl. . 
Androlaelaps armstrongi, sp. nov. 
Androlaelaps queenslanticus, sp. nov. 
Androlaelaps concisus, sp. nov. | 
Cosmolaelaps scimitus, sp. nov. | 
Gymnolaelaps australicus, sp. nov. 
Gymnolaelaps planus, Sp. nov, 


FROM AUSTRALIA, NEW ZEALAND AND NEW GUINEA 507 


Gymnolaelaps vitzthumi, sp. Nov. 
Gymnolaelaps annectans, Sp. NOV. 
Coleolaelaps tinteger Berl. 
Coleolaelaps simplexans, sp. nov. 
Coleolaelaps ewpatori, sp. nov. 
Coleolaelaps rhopaea, sp. nov. 
Scarabaspis aspera, gen. et sp. nov. 
Liunghia pulleini, sp. nov. 


MACRONYSSIDAE. 

Hirstionyssus arcuatus (Koch.) 

Neoliponyssus arnhemlandensis, sp. Nov. 

Fonsecaonyssus sylviarum (C. & F.) 

Chiroptonyssus australicus, sp. nov. 

Ophionyssus natricis (Gervais) 

For assistance in the preparation of most of the drawings, and the typing of the 
manuscript, I am debted to my assistant Miss Janice Faunt, and for assistance 
in the description and illustrating of a few species such as Asperolaelaps rotundus, 
Trichosurolaelaps crassipes and one or two others I extend my thanks to Mr. R. 
Domrow of Brisbane. For the presentation of much of the material on which the 
paper is based I am indebted to many persons, chiefly Drs. I. M. and M. J. Mackerras 
and E. H. Derrick, of the Institute for Medical Research, Brisbane, Queensland, 
and to various Departments of Agriculture within the Commonwealth. 


Cohort GAMASIDES Leach, 1815. 


Family ASCAIDAE Oudemans. 


Oudemans, A. C., 1906, Abh. nath. Ver. Bremen, 9, No. 1, 47-67 (=Allolaelaptidae Oudemans, 
1939, et auct.). 


Genus Asoa v. Heyden. 
v. Heyden, 1826, Isis Oken, 19, 610. (Type Acarus ophidioides L., 1758.) 


Asca foliata, sp. nov. (Text-fig. 1 A-F.) 


Description : Female : Shape ovoid with divided dorsal shield. Length of idio- 
soma 468 y, width 286. The dorsal shields are strongly reticulate as figured ; 
they do not entirely cover the dorsum laterally and the anterior shield is the shorter ; 
the shields are furnished with strong somewhat narrowly leaf-like setae with serrated 
edges ; there are 17 pairs of setae on the anterior shield, of which the verticals are 
the longest, on the posterior shield are 13 pairs, not including the pair on each of 
the posterior short tubercles ; the cuticle on each side of the shields is longitudinally 
‘striated. Ventrally the sternal shield is slightly longer than wide with an almost 
straight anterior margin, lightly concave posterior margin, and is furnished with the 
usual three pairs of short setae and two pairs of pores ; no jugular or pre-endopodal 
shields are present ; the metasternal shields are absent and only represented by the 
setae ; the genital shield is rather small with straight posterior margin and one 
pair of setae; the ventri-anal shield is much wider than long and widely separated 
from the genital, with four pairs of setae besides the adanal setae ; there are three 
metapodal shields on each side, one fairly large and longer than wide, the others 
small and round ; between the genital and ventri-anal shields is a pair of transverse 
lenticular shields; and on the cuticle are four setae on each side. The stigmata 
lie in line with coxae IV and the peritreme runs over to the dorsum at the level of 
coxae Il. The legs are of moderate length, 1 299», IT 260 p, III 247 p, IV 312 p 
and are not specially armed. The chelicerae are as figured, with two indistinct teeth 
only on the movable finger. Specialized seta on palpal tarsus two-tined. Tectum 
small and delicate with three equal teeth as figured, : 

; 35 
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Male : Unknown. ie 
Locality : The holotype 2 and one paratype 9 from foliage of Hibbertia volubilis 
from Avalon Beach, New South Wales, 15 July 1934. Specimens in the South 
Australian Museum received from the Entomological Branch, New South Wales 
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Text-rieg. | A~F.—Asca foliata, sp. nov., & 


A, venter; B, dorsum; (©, chelicerae; D, posterior tubercle; E, specialized seta on palpal 
tarsus ; F, tectum. 
Department of Agriculture. Also two females collected on card in scrub, Cedar 
Creek, Queensland, 12 April 1952 (coll. E. H. Derrick). 
Remarks : This species is characterized by the bisetose nature of the posterior 
dorsal tubercles. 


Asca australica, sp. nov. (Text-fig. 2 A-G.) 

Description: Female: Oval in shape. Lightly chitinized and brownish in 
colour. Length of idiosoma 325», width 190 un. Dorsal shield completely divided, 
anterior 143 long, shorter than posterior, posterior 169 long, of about equal 
width ; anterior with 17 pairs of simple pointed setae 14 4 long, posterior with 
14 pairs of setae besides the pair on each of the posterior tubercles, the setae on 
tubercles simple and pointed, 32-5 u and 20 pu long, the pair of posterior setae between 
tubercles also simple and tapering to 40 long, the subposterior row of setae 45 lb 
long, the preceding row 32-5 1 and those anterior on posterior shield to 20 yp. Ven- 
trally, much as in Asca foliata, sp. n.; tritosternum normal, no pre-endopodal 
shields ; sternal shield as long as wide anteriorly, with the anterior margin convex 
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but incised medially, posterior margin lightly concave, with three pairs of short 
setae and two pairs of pores; metasternal shields only represented by the seta ; 
genital shield a little longer than wide, with fringed anterior and truncate posterior 
margin, with one pair of setae ; ventri-anal shield large, wider than long, occupying 


Textr-ri¢. 2 A-G.—Asca australicad, Sp. NOV., 


A-E, 9. A, dorsum ; B, ventral view ; ©, chelicerae ;_ D, tectum ; EH, posterior tubercle ; 
HoGeige Eh; ventral view; G, chelicerae. 


most of the ventral posterior part, with six pairs of setae excluding the paranals, 
the posterior two on each side longer and stronger than the others, with conspicuous 
longitudinal lines; between the genital and ventri-anal shields but nearer the ventral 
with four transverse lenticular shields and four setea ; behind coxae IV a small 
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round metapodal shield ; peritreme with stigma between coxae III and IV, running 
forward onto dorsum at level of coxae II. Legs moderately thick without special | 
armature, tarsi with caruncles and paired claws ; leg I 286 » long, II 234 u, IIT 220 p., 
IV 260. Chelicerae as figured, fixed finger with one tooth, movable finger with 
one tooth. Tectum small, with three equal spines. 

Male: Asin female but smaller. Length of idiosoma 292 1, width 162 pu. Dorsal 
shields as in female. Venter: sternal shield fused with genital, the combined 
shield narrowly separated from ventri-anal, gradually tapering to a rounded apex 
on level of posterior edge of coxae IV, with five pairs of short setae and two pairs 
of pores ; ventri-anal shield large, wider than long and occupying most of the venter 
from coxae IV, with seven pairs of setae, the two posterior marginal setae longer and 
stronger than the others, the anterior margin is medially convex and takes in four 
of the setae which in the female lie between the genital and ventri-anal shields ; 
peritreme long, running to coxae I with the stigma opposite coxae IV, peritremal 
shield fairly broad at end. Chelicerae as figured, fixed finger with three blunt teeth, 
movable finger with one strong tooth, and a slightly longer spermatophore carrier 
which resembles a strong horn surrounded internally by a hyaline tunica. Legs 
as in female, without armature, I 260 4 long, II 195, ILL 182 p, LV 221 p. 

Locality : Described from'the holotype female from moss, National Park, Belair, 
South Australia, 12 September 1943 (coll. H.B.S.W.), and the allotype male from 
moss, Normanville, South Australia, 15 September 1943 (coll. H. M. Cooper). Both 
types in the collection of the South Australian Museum. 

Asca major, sp. nov. (Text-fig. 3 A-E.) 

Description: Female: Shape oval. Lightly chitinized. Length of idiosoma 
390», width 234. Dorsal shields with imbricate ornamentation, anterior shield 
as long as wide, 188 » by 188 1, with 17 pairs of setae, posterior shield of the same 
dimensions, with 13 pairs of setae, both shields covering most of the dorsum. The 
dorsal setae are, on the anterior shield, short 16-8 » long, and pointed ; on posterior 
shield the long pair between the tubercles are 42 p- long and the median short posterior 
pair 14, in the subposterior row the lateral members are 36 # long and the others 
to 30 u, the remaining setae are 16 y, all these setae are simple except that the longer 
have slight indications of subapical ciliations or serrations ; the two setae on the 
tubercles are 19-6 » and 36-4 u long and appear to be a simple spine with a fine hyaline 
tunica of which the edges are not quite smooth. Venter: tritosternum normal ; 
no pre-endopodal shields ; sternal shield as figured, about as long as wide with three 
pairs of short setae and two pairs of pores, with sinuous anterior and lightly concave 
posterior margin ; metasternal shields only represented by the seta ; genital shield 
small, widened basally, with fringed anterior and truncate posterior margin, with 
one pair of setae; ventri-anal shield large occupying most of the venter behind 
coxae IV, 190, wide by 112 p long, fairly widely separated from genital, with six 
pairs of setae besides the paranals of which the two posterior marginal pairs are 
about twice as long and stronger than the others, surface with horizontal lines as 
figured ; peritremes long and slender, crossing onto dorsum at coxae IT and almost 
meeting on vertex, stigma on level of coxae IV, peritremal shield fairly broad, not 
extending posteriorly beyond coxae IV ; a small transverse metapodal shield behind 
coxae IV. Legs fairly short, I more slender than others, without special armature, 
tarsi with caruncle and paired claws, I 292 u long, II 247», TIT 214 Bw, IV 292 pn. 
Chelicerae as figured. each finger with two opposite strong teeth, fixed finger with 
two minute teeth between the subapical strong tooth and the tip. Tectum tri- 
spinous, but the median spine only about half the length of the laterals. 

Male : Unknown, 


Locality: Described from eight female specimens from amongst dead convol- 
vulus stalks, Taringa, Queensland. 3 September 1951 (coll. E. H. Derrick). Also 
two other females from Upper Cedar Creek, via Closeburn, Queensland. April 1952 
(coll. E. H. Derrick). : 
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The holotype and two paratypes from Taringa in the collection of the South 


Australian M inl $i i H ical . 
, useum. The remaining paratypes in the Institute for Medical Research, 
risbane, Queensland. 
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Tuxt-ric. 3 A-H.—Asca major, sp. NOV., 2. 
A, dorsum; B, ventral view ; CG, chelicerae ; D, tectum ; Hi, posterior tubercle. 


Remarks : This species is by far the largest of the known species of Asca. Its 
separation from the other species is given in the following key : 
Key to the known species of Asca v. Heyden. 


1. Tubercles on posterior end of dorsum with only one seta. 


Length of idiosoma to BHO un panier ie enti a A. aphidioides (L.). (European). 
Tubercles on posterior end of dorsum bisetose...------- De 
2, Larger species, length of idiosoma 390 x. Setae on posterior 
tubercles spine-like with a fine hyalme tunica .------- A. major, Sp. Nov. 
Smaller species not exceeding 350 long «se tee 3. 
3. Setae on posterior tubercles simple and smooth .....----- 4, 
Setae on posterior tubercles narrowly foliate with serrate 
Meg tccmaneine eee see ee ee ee A. foliata, sp. Nov. 


4. Ventri-anal shield with seven pairs of setae besides the 
paranals. On each side of anus an oval chitinized 
Precoiieee rice are es ee es te A. nova Willmann. (European.) 


pair of nova being placed between genital and ventri-anal. 
No thickened chitinous patch on each side of anus ..---- A. australica, Sp. NOV. 
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Genus LAELAPTIELLA nov. 


With two-tined seta on palpal tarsus (fam. Ascaidae — Allolaelaptidae). Sternal | 
shield fused with metasternal and endopodal shields II ; endopodal shield III + IV | 
separate. Endopodal and exopodal shields not united between acetabula. Peri- 
tremal shield mainly fused with edge of dorsal shield, separated from exopodal _ 
shields ; metapodal shields free. Tectum rounded and dentate anteriorly, longer 
than wide at base. Genital shield truncate at base and somewhat expanded. Ventri- 
anal large and occupying most of posterior venter. Dorsal shield entire. 


Genotype Laelaptiella anomala, sp. nov. 
Laelaptiella anomala, sp. nov. (Text-fig. 4 A-G.) 


Description: Female: Shape oval. Moderately chitinized and yellowish in 
colour. Length of idiosoma 455 4, width 270 #. Dorsal shield undivided covering 
entire dorsum but not overlapping venter, with ca. 40 pairs of simple tapering setae, 


G 


TEXT-FIG. 4 A~G.—Laelaptiella anomala, gen. et sp. nov., ©. 
«, dorsum; B, ventral view; C, tectum; D, chelicerae ; E, gnathosoma; F, specialized seta 
on palpal tarsus; G, acetabula II_IV. 


40-50 ys long ; about the mid-length or just anterior thereof on each lateral margin 
‘8 & Very conspicuous pore. Ventrally with normal tritosternum, a pair of pre- 
endopodal shields which appear to be divided transversely into two; sternal shield 
slightly wider than long with lightly concave posterior margin on level of middle of 
coxae IIT laterally fused with endopodal shields of coxae IT and anterior part of 
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that of coxae III and with metasternal shields, with four pairs of setae and three 
pairs of pores ; endopodal shield of coxae III + IV well developed and free ; genital 
shield broadly cone-shaped with rounded anterior and truncate posterior margin 
almost if not quite touching anterior margin of ventri-anal shield, posteriorly the 
genital shield is expanded behind coxae IV as figured ; with one pair of setae ; 
ventri-anal shield large, occupying most of the venter, with straight anterior margin 
and rounded sides, with seven pairs of setae besides the anal setae ; endopodal and 
exopodal shields not united between acetabula, metapodal shields free behind coxae 
IV, oval in shape ; peritremal shields fused for most of their length with the lateral 
edge of dorsal shield, free for a short distance opposite coxae TIL and entirely from 
expodal shields ; stigma between coxae Ill and IV. Legs slender, without special 
armature, tarsi with caruncle and paired small claws, I 390 p long, IL 300 and. 
stouter, III 285, 1V 3804. Tectum rather longer than wide at base, as figured. 
Chelicerae as figured, movable finger with two or three teeth, fixed finger with two. 
Paralabra of epistome longer and slender, reaching to tip of labial cornicles. Palpal 
tarsus with specialized seta of only two long and straight tines as figured. 


Locality : Two females, the holotype and paratype from Adelaide, South 
Australia, June 1935 (coll. H. W.), in the collection of the South Australian Museum. 


Remarks : Despite the entire dorsal shield this species is placed in a new genus 
of the Ascaidae on the two-tined seta on the palpal tarsus and the large ventri-anal 
shield. In the fused sternal and metasternal shields and other features it closely 
resembles species of Cyrtolaelaps Berlese, and but for the entire dorsal shield might 


be so placed. 


Family PARASITIDAE Oudemans. 
Oudemans, A. C., 1901, Notes on Acari, Ser. 3, Tijdschr. ned. dierk. Ver. (2), 7, No. 2, 59. 
Genus Evcamasus Berlese. 


Berlese, A., 1893, Acar. Myr. Scorp., Gamasiden: 62 (non=Hugamasus Absolon, 1899). 
(Type Gamasus magnus Kramer, 1876). 


Hugamasus cunicularis, sp. Nov. (Text-figs. 5 A-F, 6 A-J.) 


Description : Female : Oval in shape. Length of idiogoma 925», width 650 p. 
Colour light yellowish. Dorsal shield subdivided, but shields laterally not covering 
dorsum ; anterior shield with ca. 18 pairs of setae, four pairs being much longer 
than the rest, the verticals and second pair of median setae ca. 65 » and tapering, 
third pair of median and the lateral long setae to 844, blunt and slightly fringed at 
tip ; posterior shield with ca. 19 pairs of setae, a long 65 » blunt seta laterally on 
first transverse row, the others tapering and ranging posteriorly to ca. 45-65 p in 
length. Ventrally: no pre-endopodal or jugular shields ; sternal shield about as 
long as wide, lightly reticulate, the posterior corners in midline of coxae III, with 
three pairs of setae and two pairs of pores, the anterior setae with a right-angled 
apical fork as figured ; metasternal shields large flanking the genital, and with one 

seta, genital shield triangular with pointed apex fitting between them, with one 
pair of setae and a few rugosities as figured, posterior margin straight and not 
separated from yentri-anal shield ; ventri-anal shield large occupying most of the 
venter, lightly reticulate and with ten pairs of setae besides the anal setae. Legs 
fairly long and slender with IL the stouter, I 1030 p long, II and III 780 p, IV 1170 p, 


tarsi with short caruncle and paired claws, no special armature, but tarsi IT, 


III and IV with four short stout apical spines. Chelicerae as figured. Palpal tarsus 
with 3-tined specialized seta, and other specialized setae on segments | and II of 
palpi, as figured (see fig. 5 EK). Epistome (tectum) mainly 3-spined with a small 


spine on inside of laterals. 
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Male: Rather wider in proportion to length than in female. Length of idiosoma 
780 uw, width 540. Arrangement of dorsal setae as shown, and the subdivided 
shield covering entire dorsum. Ventrally with all the shields fused with only a fine 
dividing line between genito-sternal and ventri-anal ; genito-sternal with eee 
margin not defined and with five pairs of setae ; genital orifice large as figured ; 
ventri-anal with ten pairs of setae of varying lengths in addition to the anal coe 
Legs longer than body, I 975 p, II 715 yw, II 755 p, IV missing ; all coxae unarmed ; 


| if 


Text- rig. 5 A-F.—Eugamasus cunicularis, sp. nov., 9. 
A, dorsum; B, ventral view; C, chelicerae; D, tectum ; KE, gnathosoma; F, tarsus I. 


leg II longer and thicker than rest, with strong process on femur and smaller ones 
on genu and tibia as in fig.6 F. Chelicerae as in fig. 6 C, the movable finger and sper- 
matophore carrier united basally and apically, fixed finger thick and short. Labial 
cornicles short with enlarged basal process (see fig. 6 G) ; epistome (tectum) trispinous, 
the median tooth broad and as long as the laterals. 

Nymph: As figured, length of idiosoma 780 BH, width 520. Dorsal shield 
subdivided, covering entire dorsum and with setation as shown in fig. 6 H. Ventrally 
as in fig. 6 I the sternal shield reaching just to anterior of coxae IV, with four pairs 
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© of to 3 small pre-endopodal shields present (absent in adults) ; anal shield almost 
round with usual setae ; epistome (tectum) with three short blunt spines as in fig. 6 J. 


\\ 


Text-ric. 6 A-J.—Hugamasus cunicularis, Sp. NOV. 
D, tectum; 4H, tubercle and setae on 
ymph ; H, dorsum ; I, venter ; 


A-G., g. A, dorsum ; B, ventral view ; C, chelicerae ; 
femur of palpi; F, lege EeaGe labial cornicles ; H-—J n 


J, tectum. 


Described from holotype female, allotype male and six nymphs in 


Remarks : 
m, collected in rabbit burrows at Canberra, Australia, 


the South Australian Museu 
December 1952 by R. Mykytowycz. 


Family MACROCHELIDAE Vitzthum. 
Vitzthum, Graf H., 1930, Zool. Jahrb. (Syst.), 59. 


Genus MAacRoCHELES Latreille. 
Latreille, 1829, Cuvier, Reg, Anim. (edu), 4: 282. (Type Acarus muscae } 
Acarus marginatus Hermann, 1804.) 
Subgenus COPRHOLASPIS Berlese. 
359.) 


Berlese, A., 1918, Redia, 13, 146. (Type Holostaspis glabra Miller, 18 


Scopoli, 1772= 
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Macrocheles (Coprholaspis) mykytowyczi, sp. nov. (Text-fig. 7 A-F.) 
Description: Female: Shape broadly oval. Strongly chitinized and deep brown 


in colour. Length of idiosoma 680, width 470. Dorsal shield not entirely — 


covering dorsum from shoulders backwards, as figured, with punctate polygonal 
areas, and furnished with setae, simple and tapering to 65, long. Veni 


Trext-Frig. 7 A-F.—Macrocheles (Coprholaspis) mykytowyczi, sp. nov., © 


A, ventral view; B, dorsum; C, dorsal reticulations ; D, chelicerae; E, tectum 3) Ee tape ot 
» lip 


tarsus IV, 
sternal, genital and ventri-anal shields also strongly and uniformly punctate with 
polygonal areas ; sternal shield broader than long with posterior margin on level 
of middle of coxae III, furnished with three pairs of setae and two pairs of pores ; 
genital shield wider than long with almost straight posterior margin and rounded 
anteriorly with one pair of setae ; metasternal shields small with only short indistinet 
seta and pore; ventri-anal shield large, very wide, rounded, and with the anal 
portion raised up, with two pairs of setae in addition to the three anal setae; no 
metapodal shields ; the cuticle outside of ventri-anal shield irregularly and finely 
striate with seven pairs of setae. Legs all shorter than body, slender but IT the 
thickest, without coxal or other armature : [ 430 long, IT 390 pw, TIT 395 2, IV 560 pS 
tarsi T without, II-IV with paired claws and short caruncle. Chelicerae as figured, 
seta on fixed finger long and slender, Epistome (tectum) as figured, the lateral 


arms bifurcate. Specialized seta on palpal tarsus trifurcate. Stigmata and peritreme 
lateral or ventro-lateral, 


4 
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Locality : A single female collected on tangle-foot paper in the field, at Canberra, 
Australia, December 1952 (coll. R. Mykytowyez). 
Remarks: Differs from other Australian species of Coprholaspis in the form of 


the tectum, the large broad ventri-anal shield and the ornamentation of the dorsal 
and ventral shields. 


Family NEOPARASITIDAE Oudemans. 
Oudemans, A. G., 1939. Zool. Anz., 126, (1-2), 21. 


Genus GAMASIPHIS Berlese. 
Berlese, A., 1903. Redia, 1, 261. (Type Gamasus pulchellus Berlese, 1887.) 
; Subgenus NeoGaMAsripaHis Tragardh. 

athe T., 1952, Arkiv. Zool. (2), 4 (2), 57. (Genotype Neogamasiphis hanifer Tragardh, 

The subgenus Neogamasiphis was erected by Tragardh with the following 
diagnosis : 

“Metasternal shields coalesced with the sternal shield, peritrematic shields 
distinctly separated from the exopodal shields by a strip of soft cuticle as far 
back as to the middle of coxae IV. Only two pairs of pores on the sterniti- 
metasternal shield. Peritrematic shields fused with the metapodial shields but 
through a fine but distinct suture separated from the large lateral shield which 
extends forwards to the middle of coxae Tl. Extending backwards to where it 
joins the lateral margin of the ventri-anal shield to one narrow strip of soft cuticle 
which bends at a right angle towards the middle. 

“Type species NV. hamifer sp. nov.” 

In preceding paragraphs Trigardh also states that “ the metasternal shields are 
fused with the sternal shield as in Gamasiphis sensu stricto, but the peritrematic 
shields are not fused with the exopodial shields but separated from them through a 
narrow but very distinct strip of soft cuticle which runs backwards as far as to the 
middle of coxae IV. 

« The endopodial and exopodial shields are not fused with one another between 
the acetabula ”’. 

From the above diagnosis and remarks it ig evident that the species femorals 
Banks referred by me to Gamasiphis can be more narrowly placed in the subgenus 
Neogamasiphis, as also can the two following species. The six subgenera can be 
keyed as follows :— 

Key to the subgenera of Gamasiphis Berlese. 
(After Tragardh, 1952.) 


1. Metasternal shields free, small, resembling Macrocheles.... 2 
Metasternal shields fused with both sternal and endopodal 
TEA oes ee re oe ne A 
2, No endopodal shields. Peritremal shields not fused with ma 
@eopodel siieldss ee. emer A pot ee tT Epiplis Berlese, 1916 
Endopodal shields present -.-.++-++--+eorrt treet 3 god : 
3. Peritremal shields free. Pre-endopodal shields present ..-- Megaliphis Willmann, 1938 


Peritremal shields separated from dorsal shield by a Imear 
strip of soft cuticle as far back as coxae IV then fused 
with dorsal shield. Pre-endopodal shields absent .....- Periphis Berlese, 1914 
4. Sternal shield also fused with endopodal shield of coxae LAY 
and laterally extending backwards to posterior edge of 
ee ee te a re 
Endopodal shield of coxae IV free from sternal shield. 
Metapodal shields free, round and situated between coxae é : 
TV and anterior angle of ventri-anal shield .....---++:: Gamasiphoides Nov. 
Pre-endopodal shields very small. Peritremal shields partly 
fused with expodal shields, a narrow strip of cuticle visible 
from middle of coxae IT to midway between coxae III and 
Iv. A suture line in middle of posterior of dorsum 
running obliquely backwards and crossing on venter in re A 
Peecti of anus) ek caret ene ke Sete eer reso e ee Heteroiphis Tragardh 
Pre-endopodal shields of normal SiZ@ sree erterer recess 6 


cr 
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6. Peritremal shields fused with exopodal and endopodal 
shields. Endo- and exo-podal shields fused between 
Ae ove cnn ai cb aagannncesinuoDoKooo ona en odes 6 Gamasiphis Berlese, 1903 
Peritremal shields separated from exopodal shields by a 
narrow but distinct strip of cuticle as far back as middle 
of coxae TV. Endo- and exo-podal shields not fused 
olsun gerevauns (els: ojb Itz Mm ect eyy Aud vice ctl Ad Aub Onc ebb ok tes o Neogamasiphis Tragardh, 1952 
Gamasiphis (Neogamasiphis) feimoralis (Banks). (Text-fig. 8 A-C.) 
Cyrtolaelaps femoralis Banks, 1916, Trans. Roy. Soc. S. Aust. 40, 228, fig. 15, pl. xxv. 
Gamasiphis femoralis Womersley, 1942, Trans. Roy. Soc. S. Aust., 66 (2), 156 (in part, nec 
redescription and fig. 9 A—-K). 
In 1942 Womersley pointed out that Banks’ species Cyrtolaelaps femoralis was 
a species of Gamasiphis Berlese and gave a redescription and figures based on fresh 
material from South Australia considered to be conspecific with Banks’ Tasmanian 
specimen in the collection of the South Australian Museum. 


- 


: oy) 


TEXT-Fia. 8 A-C.—Gamasiphis (Neogamasiphis) femoralis (Bks.), 9. 
A, ventral view ; B, tectum; GC, chelicerae (from Banks’ type). 
Fresh study of this and other material from other States, shows however, that 
none of it is identical with Banks’ type specimen which has been remounted. The 
Belair, South Australian specimens are described later as a new species and although 
the type is in poor condition a fresh description and figures are given for the species 
femoralis Banks drawn up from this specimen, a 
Description: Female: Brownish strongly chitinized. Elon 
Length of idiosoma ca. 7804 (specimen broken) 
covering entire dorsum, undivided, underl 
with the peritremal shield, then follow 


Z gate oval in shape. 
ken), width ca. 585. Dorsal shield 
Tapping venter where anteriorly it is fused 
8 line of peritreme until it again fuses with the 
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-yentri-anal shield a short distance behind coxae LV, the suture line continuing about 
twice as far again, with short fine setae (not nude as stated by Banks). Ventrally 
with tritosternum and a pair of transverse pre-endopodal shields ; sternal shield 
with lightly concave anterior margin, deeply excavated posterior margin in which 
fits the genital shield, apex of excavation on level of front edge of coxae IIT, with 
four pairs of setae due to fusion of sternal and metasternal shields as represented 
by the fourth pair of setae, the second and third pairs of setae stronger than the 
first and fourth pairs, the second pair in front and lateral of the third pair which 
are submedian in position just in front of apex of posterior margin, margins of sternal 
shield more strongly chitinized than the rest ; genital shield cone-like with straight 
posterior margin hinged to ventri-anal shield on level of posterior edge of coxae IV, 
with one pair of setae ; ventri-anal shield broadened out behind coxae IV, its sides 
curved and fused with underlap of dorsal shield at about two-thirds of distance to 
end of body, the setal arrangement is uncertain owing to damage ; peritremal and 
endopodal shields fused, and extending a short distance behind coxae IV, stigma 
between coxae III and IV, peritreme running forward to coxae I; legs slender 
without special armature, I 550, IT 5380p, IIT 420 py, IV 585 long. Tectum 
trispinous as figured. Chelicerae as figured, movable finger with three strong 
teeth, fixed finger with a few small teeth anterior of * pilus dentarius ’ then three 
strong teeth. Dorsal setae 30» to 56 u long and fine. 

Locality: Evandaie Junction, Tasmania, with the ant Hctatomma metallicum 
(coll. A. M. Lea). 

Remarks. Banks does not state how many specimens were collected but there 
is only a single specimen in the South Australian Museum, which is presumably 
the type, from which the above redescription and figures are drawn. As stated 
above, the other specimens from South Australia referred to and figured as this 
species by Womersley, 1942, are not Banks’ species. A single female, however, 
from moss, National Park, Belair, South Australia, August 1938 (coll. H. W.) can 
be definitely referred to femoralis Bks. 

Gamasiphis (Neogamasiphis) hickmani, sp. nov. (Text-fig. 9 A-L.) 

Description : Female : Strongly chitinized, brown, and of broadly oval shape. 
Length of idiosoma 624 p, width 533 pz. Dorsal shield entire, covering the whole 
of the dorsum and underlapping the venter beginning near coxae I where it Is fused 
for a short distance with the peritremal shield and then following the line of the 
peritreme towards the posterior where it again fuses with the ventri-anal shield at 
about two-thirds of the distance between coxae TV and the end of the body : 
furnished with ca. 35 pairs of short, (22 anteriorly to 12 4 long posteriorly) setae 
which are fine and simple on the dorsum and a few similar setae on the ventral 
portions ; dorsally with more or less transverse lines forming a scale-like reticulation, 
and on the ventral portions with the lines running diagonally. Ventrally with 
normal tritosternum, a pair of transverse pre-endopodal shields the anterior half of 
which is more strongly chitinized ; the sternal shield is medially very short due to the 
deep excavation of the posterior margin which extends forward to the level of the 
middle of coxae II, where the line is medially broken ; the lateral portions of the 
~ sternal shield are narrow and extend to the middle of coxae LV by fusion of the 
metasternal and endopodal shields, with four pairs of setae of which the second 
pair are submedial in position on a level with the apex of the posterior excavation, the 
third pair are just in front of the angle between coxae II and III and the fourth 
air (metasternal) in this angle, with three pairs of pores, and a reticulate surface : 
genital shield large, cone-shaped, rounded and hyaline anteriorly, posteriorly straight- 
edged and fitting into a slight excavation of the ventri-anal shield to which it is 
minced, beneath the anterior end may be seen the oval sclerotized vaginal wall, 
with reticulate surface and one pair of setae ; ventri-anal shield large expanded 
behind coxae IV and occupying most of the venter, the anterior margin 1s rounded 
aa strai d slightl cavated medially to take the posterior margin 
laterally but straight and slightly exca lly ke 2 
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of the genital shield, side margins curved and fusing posteriorly to the bere 
of the dorsal shield, with 13 pairs of setae from 30 to 50 py long besides t ip i. | 
anal setae and some pores, surface with coarsely reticulate lines ; peritrema a | 
fused anteriorly with underlap of dorsal shield, and extending sgn eae y | 
behind coxae IV, stigma between coxae HI and IV and peritreme reaching ea | 
to coxae 1; visible behind coxae IV is a peculiar bifid spermatheca, the arms of | 
which reach to coxae IV (see fig. B). Legs fairly slender, without any special | 


TExt-FIe, 9 A~L.—Gamasiphis (Neogamasiphis) hickmani, sp. nov. 


A-G & K, §. A, dorsum; B, ventral view; C, chelicerae ; D, specialized seta on palpal 
tarsus ; E, labial cornicles; F, genital shield; G, tectum ; K, enlarged view of sternal 
and peritremal shields; H-J g; H, ventral view; I, chelicerae; J, femur of leg IL; 
L, tectum of 2 var. tamborinensis nov. 


armature, I 598 w long, I 455 4, IIT 455 u, IV 585 pw. Tectum as long as broad at the 
base, triangular with five short teeth. Chelicerae as figured, fixed finger with four 
or five small teeth and a short ‘ pilus dentarius ’, movable finger with a few minute 
teeth followed by a single strong tooth. The labial cornicles are short and broad 
as in fig. E. The palpi are normal, the specialized seta on the tarsus with three tines. 

Male: Shape and colour as in female. Length of idiosoma 598 «4, width 455 HL. 
Dorsally as in female, with the shield under-lapping ventrally and fused with the 
peritremal and ventri-anal shields in the same manner. Ventrally with the sternal 
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‘shield fused with the genital, but separated from the ventri-anal by a distinct and 
clearly marked suture, the genital opening in the middle of the anterior margin, 
with five pairs of setae the second sternal pair placed laterally in front of angle 
between coxae II and III; ventri-anal shield as in female. Legs: fairly slender, 
femur of leg IT with a subapical apophysis as figured, no apophysis on genu or tibia, 
the accessory spines however present and stumpy on these segments ; leg I 546 uw 
long, Il 429, IIT 429p, IV missing. Chelicerae as figured, fixed finger with a 
few small indistinct teeth followed by two more basal larger teeth, movable finger 
with only one strong tooth and a slightly longer spermatophore carrier. 

Locality : Four females and one male from Mt. Wellington, Tasmania at 3,000 Hitec 
27 July 1943 (coll. V. V. Hickman). The holotype and three paratype females and 
allotype male are in the collection of the South Australian Museum. 


var. tamborinensis nov. 


A single female with developed larva inside was collected on card placed on the 
ground in the scrub at Mt. Tamborine, Queensland, 14 May 1952 (coll. E. H. 
Derrick). This variety only differs from typical hickmani from Tasmania, in that 
the pre-endopodal shields are larger and in the rather different tectum as shown in 
text-fig.9 L. Holotype in South Australian Museum collection. 


Gamasiphis (Neogamasiphis) setosus, sp. Nov. (Text-fig. 10 A-F.) 


Description: Female: Shape oval. Strongly chitinized. Length of idiosoma 
390 p, width 260. Dorsal shield entire, covering all the dorsum and underlapping 
ventrally and posteriorly fused with the ventri-anal shield; furnished with at 
least 29 pairs of short, 38, to longer 48 p, simple setae and a number of pores. 
Ventrally with tritosternum and a pair of pre-endopodal shields ; the sternal shield 
about as long as wide extending at the posterior laterally to between coxae TLL 
and IV, with four pairs of setae, the metasternal shields being fused with the sternal, 
second and third pairs of setae in a straight transverse line between the median 
angle of the shield ; genital shield wider than long with straight posterior and rounded 
anterior margins, with one pair of setae; ventri-anal shield large and occupying 
almost the whole of the venter, and fused posteriorly with the underlapping dorsal 
shield, with four pairs of setae in addition to the three anal setae ; peritremal shield 
large and fused with the exopodal shields, the whole extending backwards from 
coxae IV in a large triangle narrowly separated on the inside from the ventri-anal 
shield by a narrow straight suture, medially from this suture a thin suture line runs 
anteriorly and diagonally outwardly to the outside of the stigma which is on a 
level between coxae III and IV, peritreme running forwards to beyond coxae A 
Legs slender, without special armature, I 324 pu long, II 221 pw, HI 221», IV 338. 
Tectum with a long median mucro, the outer corners with two short spikes. Cheli- 
cerae as figured, the fixed finger with five or six strong teeth, the movable finger with 
two small and one strong tooth. 

Male : Strongly chitinized and shaped as in female. Length of idiosoma, 350 p, 
width 247 4. Dorsal shield entire, and underlapping the venter slightly but not fused 
with the ventri-anal portion of the holoventral shield. Ventrally with pre-endopodal 
shields, the sternal, genital, ventral and anal shields fused as a holoventral shield, 
widely expanded behind coxae IV, then tapering to a rounded apex ; sterno-genital 
portion of holoventral shield with five pairs of setae, ventri-anal portion with four 
pairs of setae besides the paranal setae ; coxae and legs, including leg II without 
special armature. Legs I 325 p, Il 247 p, III 247 p, IV 338 p» long. The peritremal 
shield is narrow, apparently free, does not extend beyond coxae IV, and the stigma 
is situated in line with coxae IV. The chelicerae are as figured, the movable finger 
with a strong spermatophore carrier. 

Locality: The holotype female and allotype male only from Carney’s Creek, 
Queensland, 19 February 1951 (coll. E. H. Derrick). 
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i i i 1.) from Italy 

Remarks : This species differs from the genotype G. pulchellus (Ber 
and Gandsones (NV Rese femoralis (Banks, 1916, redescribed by Womersley 

1942 and in this paper) from Tasmania in the female in the position of the second | 


TExt-F1G. 10 A~F.—Gamasiphis (N eogamastphis) setosus, sp. nov. 
A-D, 2. A, ventral view ; B, dorsum ; CO, chelicerae ; D, tectum ; E-F, ¢; E, ventral 
view ; F. chelicrae. 
setae and in the male in the absence of any apophysis on 
leg II. In the female it also differs in the shape of the ventri-anal shield. The 
types are in the South Australian Museum collection. 


and third pairs of sternal 


Gamasiphis (Neogamasiphis) queenslandicus, sp. nov. (Text-fig. 11 A-K.) 

Description: Female: Broadly oval, strongly chitinized and brown. Length 
of idiosoma 728 1, with 585 #. Dorsal shield entire, covering the whole of the 
dorsum and underlapping the venter beginning near coxae I where it is fused to the 
peritremal shield, and then fusing again with the ventri-anal shield at abou 


t four- 
fifths of the distance from coxae IV to end of body, furnished with many 


long fine 
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slender setae to 104 long laterally and posteriorly, elsewhere the setae are lost from 
all the specimens available and only represented by the bases as in figure A; the 
dorsum is only lightly and indistinctly reticulate. Ventrally with tritosternum, a 
pair of transverse pre-endopodai shields ; sternal shield medially fairly short, with 


: Toxr-ria. 11 A-K.—Gamasiphis (Neogamasiphis) queenslandicus, Sp. NOV. 
; : iew; C icerae ; ializ ta on palpal tarsus ; 
"A-G, 9. A, dorsum; B, ventral view; C, chelicerae : D, specialized se Buss 
z= E, tectum; F, maxillary stylets; G, labial cornicles ; H-K, g; H, ventral view; 
T, tectum; J, chelicerae; K, femur, genu and tibia of leg IT. 


lightly curved anterior margin and deeply excavated posterior margin, the apex 
bof which is about level with posterior edge of coxae II, laterally the sternal shield 


36* 
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and only slightly anterior of a line joining the third pair of setae ; genital shie 
cone-shaped, with one pair of setae, the posterior truncate edge hinged to anteriq 
margin of ventri-anal shield; ventri-anal shield large widely expanded. behini 
coxae IV, anteriorly straight edged, lateral margins curved and fused with the unde; 
lapping dorsal shield at about four-fifths of distance from coxae IV, with eleven ti 
twelve pairs of long fine setae, 97 » long, and with three very short anal setae; t 
peritremal shield narrow, fused anteriorly with lap of dorsal shield and separate 
from the fused exopodal shields, stigma on level of coxae III; visible behind coxa 
IV is a peculiar bifid spermatheca, the arms of which reach to coxae IV (see fig. B 
Legs fairly slender, tarsi with caruncles and small paired claws, without specid 
armature, I 690 long, II 572», II 572, IV 690. Tectum with five points 
figured. -Chelicerae as figured, movable finger with four teeth, fixed finger wit! 
about nine smaller teeth. Epistome or labrum with long strongly chitinized horr 
like paralabra as figured. Hypostome or labium with short labial cornicles 
figured. 

Male: As in female, but rather smaller. Length of idiosoma 650 p, width 520 
Dorsal shield covering entire dorsum, undivided, and underlapping venter where ij 
is fused anteriorly in the region of coxae I with the peritremal shields and again fusee 
posteriorly with the ventri-anal shield, setae dorsally as in the female. Ventral 
the genito-sternal shield is separated by a transverse suture on level of posteri Y 
edge of coxae IV from the large ventri-anal shield, with five pairs of setae ; ventri 
anal with ca. ten pairs of long slender setae as in female. Legs I 715p, II 507 
III 507, IV 650; femur of leg II with a stout thumb-like apophysis, a smal 
tubercle-like process on genu and a stout small spine-like process on tibia (as figured) 
Tectum as figured, trispinous. Chelicerae as figured ; fixed finger with a series 
six or seven small teeth anterior of the seta and then two larger teeth, movabl 
finger with one strong tooth, and a stout equally long spermatophore carrier which i 
only free in the distal third. 

Locality: The holotype female and allotype male, and a paratype male ana 
female from Taringa, Brisbane, Queensland, 29 to 31 January 1949 (coll. E. Hi 
Derrick), in the collection of the South Australian Museum. 

Remarks: In the form of the tectum, and the ventral shields this species id 
closely related to G. (N.) hickmant, sp. nov. It differs however, in the much longer 
dorsal and ventral setae, the greater median length of the sternal shield in the female: 
the less distinct reticulations of the dorsum, and in the male in the dentition of the 
chelicerae and the presence of small apophyses on the genu and tibia of leg II. 


Gamasiphis (Neogamasiphis) novae-zelandiae, sp. nov. (Text-fig. 12 A-H.) 

Description: Female: Strongly chitinized, brownish in colour. Shape broadly 
oval. Length of idiosoma 1040, width 728. Dorsal shield entire, covering al. 
the dorsum and underlapping ventrally, with hexagonal markings and short fine 
setae to 32 long, except two verticals and one humeral on each side 65» long. 
Ventrally : with normal tritosternum, a pair of transverse pre-endopodal shields 
sternal shield wider than long medially with lightly excavate anterior margin and 
deeply excavate posterior margin, the apex of the excavation on level of posterior 
edge of coxae IT, laterally fused with endopodal and metasternal shields and extend- 
ing to coxae IV, with four pairs of setae and three pairs of pores, the third pair of 
setae are posterior of the second pair and more medial in position ; genital shield 
hinged to or only slightly separated from ventri-anal shield, with rounded anterior 
and truncate posterior margin and one pair of setae; ventri-anal shield lar e. 
occupying most of the venter, with rounded sides which fuse to the underlap of the 
dorsal shield at a little more than half the distance from coxae IV to end of bod 
with ten pairs of setae besides the anal ; peritremal shield separated from the 
exopodal shields and from the underlap of the dorsal shield except anteriorly about 
mid-level of coxae II; metapodal shields fused with exopodal shields ; ae odal 
and exopodal shields not fusing between acetabula ; all ventral shields with am 
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scale-like reticulations. Legs slender, especially I, tarsi with caruncle and paired 
claws, no special armature ; leg I 884» long, Il 676», III 676 py, [IV 884. Tectum 
ee as figured. Chelicerae missing. Specialized seta on palpal tarsus 
-tined. 


| Dstare 
Dies apt 
TA 


Tpxt-Fic. 12 A-H.—Gamasiphis (Neogamasiphis) novae-zelandiae, sp. NOV. 
A-C, 9. A, ventral view ; B, specialized seta on palpal tarsus ; C, tectum ; D-H, g; D, dorsum ; 
E, ventral view; F, chelicerae ; G, tectum; H. femur, genu and tibia of leg II. 


Male: As in female but smaller, length of idiosoma 780 p, width 598. Ven- 
trally : sterniti-genital shield narrowly separated from the ventri-anal, with five 
_ pairs of setae ; other shields as in female. Legs II stronger and thicker than the 
rest, with processes on femur, genu and tibia as figured, leg I 819, Il 676y, HI 
676 1, IV 845 long. Chelicerae as figured, fixed finger with five small teeth in 
front of seta, then two large teeth ; movable finger with one strong tooth at about 
one-fourth from apex and furnished with a long slender recurved spermatophore 
carrier which is about two and a half times as long as chela. 


Locality : Described from the holotype female and allotype male from Beach- 
lands, North Island, New Zealand, March 1949. Types in the collection of the 


South Australian Museum. 
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Key to the Species of Neogamasiphis. 


1. Of medium: size; from) 600 fborS00) piers eteker tele ieieeetnnee ae 3 

Of smaller or larger size ....---.+.+++ see eee ee eee - 2 
2. Smaller species, ca. 390 long. Sternal shield long with 

shallow posterior margin ; laterally ending between coxae 

Ill and IV ; third pair of sternal setae in line with second 

and midway between anterior and posterior margins. 

Genital shield wider at base than long. Ventri-anal 

shield with sides at first oblique and straight for more 

than half their length then curving inwards and ending at 

six-sevenths of distance from coxae IV to anus. Tectum 

with long median mucro and two minute points on lateral 

Chaved (CUES Gao Cie pip omc ton Ot Oc ace een US aM ahs ie ae G. (N.) setosus, sp. noy. 

Larger species ca. 1040, long. Sternal shield shorter 

medially, the posterior margin deeply excavate with apex 

reaching to anterior margin of coxae II, laterally reaching 

to posterior edge of coxae IV. Second pair of sternal 

setae near apex of posterior margin and in front of third 

pair. Genital shield longer than wide at base. Tectum 

subtriangular, quinque-spinous. Ventri-anal shield with 

rounded sides which bend inwards and end about half-way 

AEGON CORAG. EV cbO PIU N Mere wore er ee ton, oe ate oc G. (N.) novae-zeiandiae, sp. novi 
3. Sternal shield very deeply excavate posteriorly, the apex of 

posterior excavation reaching to middle of coxae II, so 

that in the mid-longitudinal line the shield is very short. 

Suture between ventri-anal and dorsal shield ending about 

three-fourths of distance from coxae IV to anus. Tectum 

quinque-spinous, or with nine points (var. tamborinensis 


PACE) MCE te eta ET SS Seetayath Aime PN ons, oo) Senta ec ad sae toe Se ee G. (N.) hickmani, sp. nov. 
Sternal shield much deeper in mid-longitudinal line, posterior 
marpininowso deeply OXCAVALS. . a. osc. os.w/ec we laws). 4 


4, Second and third pair of sternal setae stouter than first and 
fourth pairs, both near to apex of posterior excavation 
with the second pair anterior to third ; apex of excavation 
barely reaching front edge of coxae III. Genital shield 
about as wide as long. Sides of ventri-anal shield straight 
and oblique for about half their length then lightly curved 
and ending at three-fourths distance from coxae IV to 
ANUS we LOChUINesrispiInOuUs war oe ee eet eee G. (N.) femoralis (Banks, 1916).. 


subtriangular and quingue-apinOus: |e ee ae eee G. (N.) queenslandicus, sp. nov.. 
The second pair of sternal setae nearer to each other than to 
the members of the third pair. Tectum trispinous...... 6 


distance from coxae IV to anus ..............e00.05ee G. (N.) hamifer Tragardh, 1952. 


A f , Mangareva, S.E. Polynesia. 
Sides of ventri-anal shield obliquely straight for three-fourth 


of length then turning inwards and ending half-way 
between coxae I Viand arng..2 eee ey ee ee (N.) uncifer Tragardh, 1931, 
Juan Fernandez. 
* Subgenus HETEROIPHIS Tragardh. 
Tragardh, I., 1952, Arkiv. Zool. (2), 4. (2), 55, fig. 13-18. 

The genus Heteroiphus was recently erected by Traigardh for a unique male from 
Tahiti, Society Islands, collected by the Mangarevan Expedition in 1934. 

The subgenus was diagnosed as follows :-— 

“ The new genus agrees in many respects with Gamasiphis but differs as regards 
the peritrematic shields which -are only partly fused with the ectopodial shields and 
through the very small indistinct pre-endopodial shields. In the posterior middle 
of the body there is an oblique suture, running obliquely backwards and crossing 
the sides, continuing backwards in the direction of the anal aperture. 

Type species H. arcuatus, sp. nov.” 
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In preliminary paragraphs he stresses the importance of the oblique suture and 
states that the general type is that of Gamasiphis sensu stricto, in that the peritre- 
matic shields are fused with both exopodal and metapodal shields but that in @. 
arcuatus the fusion is not quite complete because a narrow strip of cuticle runs 
backwards from the middle of acetabula II to between coxae III and IV. 

In his figures Tragardh shows the oblique line ventrally as finishing nearer the 
anus and between that and the end of the suture between the ventri-anal shield and 
the dorsal shield. In the following species, which again is only known from a unique 
but female specimen the peritremal shield is entirely fused with the exopodal shields 
and the metapodal shields. The oblique suture line however on the ventral surface 
ends at the anterior end of the suture between the dorsal and ventri-anal shields. 
Because of the presence of this oblique dorso-ventral suture line the following species 
is placed in Heteroiphis, although it is only known from the opposite sex from which 
the genus was diagnosed. 


Gamasiphis (Heteroiphis) australicus. sp. nov. (Text-fig. 13 A-E.) 
Description: Female: Oval, lightly chitinized and yellowish in colour. Size 
small, length of idiosoma 410, width 275. Dorsal shield entire, covering the 
whole dorsum and underlapping venter where it fuses with the peritremal shields 


Texr-ria. 13 A-E.—Gamasiphis (Heterotphis) australicus, sp. nov., OF 
A, dorsum; B, ventral view ; C. chelicerae; D, tectum; E, specialized seta on palpal tarsus. 
> 


anteriorly and with the ventri-anal shield posteriorly, with ca. 26 pairs of simple 
setae to 30 long. Ventrally with normal tritosternum and a pair of pre-endopodal 


| 
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shields ; sternal shield coalesced with endopodal and metasternal shields, medially | 
about as long as wide, laterally it extends to posterior edge of coxae IV, anterior | 
margin lightly concave, posterior margin deeply concave, with the apex of concavity | 
reaching to middle of coxae III, with four pairs of setae, the second and third pairs | 
in a transverse line with the third submedian near apex of posterior concavity ; | 
genital shield about as long as wide at base, with rounded hyaline anterior and | 
truncate posterior margin, with one pair of setae ; ventri-anal shield large occupying | 
most of the venter, with the lateral margins straight and then rounded, and fusing | 
with underlap of dorsal shield at about two-thirds of distance from coxae IV to | 
end of body, with seven pairs of setae besides the anal setae. Peritremal shield | 
fused with exopodal shield, and anteriorly with dorsal shield, but separated from 
overlap of dorsal shield for rest of length by a narrow strip of cuticle, widened and 
extending backwards from coxae IV to angle between the straight and curved parts | 
of margin of ventri-anal shield, stigma between coxae III and IV. Endopodal 
and exopodal shields fused between acetabula or apparently so, but a fine suture 
can be seen between them. Legs: slender, II slightly thicker, without any special 
armature, I 325 w, II 260 p, III 260 pn, IV 325 long. Tectum as figured, tri-spinous. 
Chelicerae as figured, movable finger with three teeth, fixed finger with four teeth. 
Seta on palpal tarsus 3-tined. 

Locality: A single female, the holotype, in the collection of the South Australian 
Museum, from moss, Mylor, South Australia, 28 June 1948 (coll. G. F. Gross). 

Remarks: According to the preceding key to subgenera this species falls into 
Heterovphis Traigardh. 

Subgenus GAMASIPHOIDES nov. 

Close to subgenus Neogamasiphis Tragardh, but differs in that the endopodal 
shield of coxae IV is not fused to the sternal, the lateral parts of which end about the 
middle of coxae III. Metapodal shields distinct, free, round and situated between 
coxae IV and anterior angle of ventri-anal shield. Dorsal shield overlapping ventrally 
and coalescing with ventri-anal at about three-fourths of distance from coxae IV 
to end of body. Peritremal shield fused anteriorly on level of coxae II with underlap 
of dorsal shield, free from exopodal shields, and extending broadly beyond coxae IV. 
Endopodal and exopodal shields not fused between acetabula; a break in exopodal 
shields between coxae II and III. Specialized seta on palpal tarsus with three tines. 
All tarsi with caruncle and paired claws. 

Subgenotype Gamasiphoides propinqua, sp. nov. 


Gamasiphis (Gamasiphoides) propinqua, sp. nov. (Text-fig. 14 A—J.) 

Description: Female: Shape oval, fairly strongly chitinized and brownish in 
colour. Length of idiosoma 780 #, width 520. Dorsal shield entire, covering the 
whole dorsum and underlapping the venter where it fuses with the ventri-anal shield 
lightly reticulate, with 28 pairs of fine tapering setae to 524 long. Ventrally : trito- 
sternum and pre-endopodal shields normal ; sternal shield wider than long in medial 
line, with lightly concave anterior margin, strongly concave posterior margin the 
apex of concavity in line with anterior edge of coxae III, laterally coalesced with 
metasternal shields and also with the endopodal shield of coxae IV, with four pairs 
of setae and three pairs of pores, the third pair of setae submedial near apex of 
posterior margin ; genital shield with rounded hyaline anterior and truncate posterior 
margin, almost touching ventri-anal shield, with one pair of setae; ventri-anal 
shield widely expanded behind coxae IV, the sides at first shortly angular then 
rounded and coalescing with the underlap of the dorsal shield at about three-fourths 
of the distance to anus, lightly reticulate, with seven pairs of setae; metapodal 
shields distinct, round and situated between coxae IV and ventri-anal shield ; 
peritremal shield not fused with exopodal shields but anteriorly fused with dorsal 
shield near coxae IT, in region of coxae IV peritremal shield widely expanded and 
extending behind coxae IV, stigma between coxae III and IV. Legs : fairly slender, 
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II slightly the stoutest, all tarsi with caruncles and paired ; 

| , ‘ paired claws; leg I 690 long, 
IT 585, HI 520, IV 650n; no special armature. Chelicerae as ite finch nate 
finger with three to four moderately strong teeth. Tectum tri-spinous, the mucro 
being long and stout. Specialized seta on palpal tarsus 3-tined. 


Text-Fic. 14 A-J.—Gamasiphis (Gamasiphoides) propinqua, sub. gen. et sp. nov. 

A-E, 2. A, dorsum; B, ventral view ; CG. chelicerae ; D, tectum; E, specialized seta on palpal 
tarsus; F, right acetabula and peritremal shield ; GJ, d; G, venter; H. chelicerae ; 
L, tectum ; J, femur, genu and tibia of leg II. 


Male: Asin female, but smaller, length of idiosoma, 780 ;, width 520 ». Ventrally 
the genito-sternal shield is separated from the ventri-anal by a suture; at the 
anterior lateral angles the ventri-anal shield is fused with the metapodal shields. 
Legs II stronger than the others, furnished with a strong thumb-like apophysis on 
femur and a small tubercle on genu and tibia as figured; leg 1715p long, IL 560 p, 
III 494 p, IV 625. Tectum as in female. Chelicerae as figured, fixed finger with 
three strong teeth, movable finger with only one median strong tooth and with a 
strong spermatophore carrier only free in apical fourth. 

Locality : Holotype female, and three paratype @, allotype male and one para- 
type g from moss from National Park, Belair, South Australia, September 1938 
(coll. H. W.). In the collection of the South Australian Museum. 


Genus Hyprocamasus Berlese. 
Berlese, A., 1892, Acar. Myr. Scorp. ital. rep., 68, 5. (Type Gamasus salinus Laboulbene, 1851). 
Hydrogamasus australicus Womersley. 
Womersley, H., 1942. Trans. Roy. Soc. S. Aust., 66 (2), 153, fig. 8. 
Another female specimen of this species has been received by the South Australian 
Museum from the Plant Research Laboratory, Burnley, Victoria, in June 1952, 
collected on strawberry plants from Tasmania. 
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Hydrogamasus relatus Womersley. (Text-fig. 15 A-—I.) 

Womersley, H., 1942, Trans. Roy. Soc. S. Aust., 66 (2), 151, fig. 6 A-M. 
This species was originally described from Glen Osmond, South Australia. More | 
recently a number of specimens have been received from Dr. E. H. Derrick from | 
moss and litter from Taringa, Queensland, 29-31 January 1949. 


ae a TEXtT-Frie. 15 A-I.—H ydrogamasus relatus Womersley. 
—-D, 2. A, dorsum; B, ventral view: C chelicerae ; D, tect 
Z : 3 , Beek ; > um ; E-G, 3 E, iew ; 
F, chelicerae ; G, femur, genu and tibia of leg IL; H, peritremal shield of fea pam ‘ 
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An examination of these specimens and checking of the original reveal some 
interesting features, such as the slight underlapping of the dorsal shield onto the 
venter, more so in the male where it ultimately fuses with the ventri-anal shield, 
that a redescription is here given, together with figures of the dorsal and ventral 
surfaces of both sexes which were not given in the original description. 

Redescription: Female: Dorsal shield entire, covering all the dorsum and 
underlapping venter* by a fairly wide band which extends right around opistho- 
soma and posteriorly slightly overlaps ventri-anal shield, while anteriorly it is 
separated from peritremal shield by a narrow strip of cuticle, with ca. 38 pairs of 
fine setae from 54 to 96, with a subposterior pair to 132 long, and reticulate 
markings. Venter: tritosternum and pre-endopodal shields present ; sternal 
shield longer than wide, with four pairs of setae and three pairs of pores due to its 
coalescing with metasternal shields, reticulate, anterior and posterior margins 
almost straight, posterior margin on level between coxae III and IV ; genital 
shield only slightly longer than wide, with truncate posterior margin, reticulate, 
with one pair of subpostero-lateral. setae; ventri-anal shield widely expanded 
behind coxae IV but not covering all the opisthosoma, reticulate, with straight 
anterior margin and six pairs of fine setae in addition to the paranals ; no metapodal 
shields ; peritremal shield fairly narrow but wider in region of coxae IV and con- 
tinued around acetabula IV, stigma between coxae III and IV, separated for most 
of its length from the exopodal shields and also from the underlap of the dorsal 
shield by a fine narrow strip of cuticle. Legs: I the most slender, II the strongest ; 
lengths of a Taringa specimen, with idiosoma 750 and width 430 are I 750 p, 
Il 540, UI 432, IV 690; tarsi with caruncle and paired claws; no special 
armature. Chelicerae as figured, fixed finger with three strong teeth behind seta, 
movable finger with three smaller retrorse teeth, Tectum with a strong medial 
tooth. 

Male: Generally as in female. Venter: sternal, metasternal and genital 
shields coalesced, with five pairs of setae and three pairs of pores, reticulate, posterior 
margin truncate, only narrowly separated from ventri-anal shield; ventri-anal 
shield occupying all the opisthosoma, fused posteriorly with the underlap of the dorsal 
shield and with the posterior end of the peritremal shield, there is a short curved 
suture running from the outer edge of the peritremal shield and between that and 
the underlap of the dorsal to about one-third of the distance between coxae IV and 
anus. Legs: as previously given, IH with apophysis on femur and genu as figured. 
Chelicerae as figured, fixed finger with two strong teeth basad of the seta, movable 
finger with one strong tooth and a long narrow, parallel sided spermatophore carrier 
as long as the finger. 

Remarks: In the fusion of the ventri-anal shield with the underlapping dorsal 
shield in the male this species shows some resemblance to the genus Gamasiphis 
and its various subgenera. 


Genus GAMASITUS nov. 

Close to and ventrally resembling Sessiluncus G. Canestrini but differing in that 
the claws of leg I are situated on a short but distinct caruncle and that the dorsal 
shield underlaps the venter considerably following the line of the peritremal shield 
and the ventri-anal shield but not coalesced with these. 

Genotype Gamasitus obscurus, sp. NOV. 


Gamasitus obscurus, sp. nov. (Text-fig. 16 A-E.) 
Description: Female: Shape ovoid. Fairly well chitinized and brownish in 
colour. Length of idiosoma 940 1, width 650. Dorsal shield entire, covering the 


* This is not obvious in preparations in which the specimen has been depressed by the cover- 
slip. The figures of the ventral surface given in this paper are from a well-cleared but little 
compressed specimen from Taringa. A similar underlapping of the dorsal shield occurs in 
H. relictus Wom. and probably in other species. 


jez H. WOMERSLEY : ON SOME NEW ACARINA—MESOSTIGMATA 


whole dorsum and underlapping venter but not coalescing with the peritremal or 
ventri-anal shields, sparsely haired with setae to 35 long. Ventrally similar to | 
that of Sessiluncus heterotarsus Canestrini as figured by Vitzthum, 1926 (Treubia, | 
8, 12, figs. 6, 7), the sternal shield coalesced with the pre-endopodal shields, endopodal 
shields, and metapodal shields, with four pairs of setae and three pairs of pores, 
first pair of setae very small, third and fourth pair close together but posterior of 
apex of posterior margin, anterior margin lightly concave except medially where 
the base of the tritosternum is deeply inset, posterior margin strongly excavate to 
about middle of coxae III ; genital shield wider than long with anterior margin 
strongly rounded, posterior margin straight and narrowly separated from ventri-anal 


“4 

D 
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B 
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Trext-rie. 16 A-E.—Gamasitus obscura, gen. et sp. nov., 9. 
A, ventral view; B, chelicerae ; C, tectum ; D, specialized seta on palpal’ tarsus ;. E tip of 
tarsus I, pee 

shield, with one pair of setae ; ventri-anal lar e, widely expanded behi 

with rounded sides distinctly separated by a eee ai of mtide anes the eae 
of dorsal shield, with six pairs of long slender setae besides the anal setae and interns 
with four pairs of transverse pores. Legs: slender, II somewhat thicker than olen 
all tarsi with paired claws, the caruncle on I short. but distinct, on others longer, 
I 860 p long, I 550, IIL 510, 1V 870; no special armature. Tectum tri-s ine 
with a simple long and thickish mucro and short lateral points. Chelies as as 
figured, movable finger with five teeth, fixed finger with five teeth, seta (pilus den 
tarius) small. Specialized seta of palpal tarsus 3-tined, the innermost aon 


Locality: A single female, the holotype, from moss, Mt. Wellington, Tasmania 


2) ber 1 i i i 
ee er 1934 (coll. V. V. Hickman), in the collection of the South Australian 
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Genus BRONTISPALAELAPS nov. 


Neoparasitid mites. In the female with the jugular or pre-endopodal shields 
fused with the sternal; sternal shield as wide ane with eee oe of Le 
setae and two pairs of pores, not fused with endopodal shield of coxae IT; genital 
shield separated from the large ventri-anal shield by a very narrow line of cuticle 
with truncate posterior margin with only one pair of setae; metasternal shields 
fused with the endopodal shields, with the usual seta; ventri-anal shield with 
straight anterior margin otherwise rounded, with only four pairs of small setae 
besides the anal setae, wider than base of genital shield. Legs: short and thick 
I with small outer ventral anterior incrassations. Peritreme lateral, but reaching 
dorsum in anterior half and extending to tip of dorsal plate, the peritremal shield 
anteriorly and posteriorly attached to the dorsal shield. Dorsal shield almost 
entirely covering dorsum, entire, reticulate. Sensory seta on palpal tarsus 3-tined. 
Associated with Chrysomelidae. 


Male : Unknown. 
Genotype Brontispalaelaps levert, sp. nov. 


Brontispalaelaps leveri, sp. nov. (Text-fig. 17 A-H.) 
Description : Female : Lightly chitinized and of light yellow colour. Length 
of idiosoma 520 p, width 312. Dorsal shield entire, almost entirely covering 
dorsum, reticulated, but with a clear median longitudinal space ; dorsal setae simple, 


Texr-ric. 17 A-H.—Brontispalaelaps leveri, gen. et sp. NOV., o: 
A, ventral view; B, dorsum ; C, sternal shield (x 367) ; D, chelicerae; E, gnathosoma; F, 
specialized seta of palpal tarsus ; G, leg IL; H, claws and pad of leg I. 


curved and 17 p to 204 long, except for the two inner pairs of the sub-posterior row 
which are 22 » long and fringed or ciliated at the blunt tip, and a pair of long 56 p, 
similar thick blunt and apically fringed posterior setae. Venter : sternal shield of 
peculiar shape, as figured, with the posterior margin medially acutely pointed, 
pre-endopodal and jugular shields fused with sternal, the three pairs of sternal 
setae very short, 14 and the second and third pairs close together, the shield is 
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1544 wide by 145, long; the metasternal shields are fused with the endopodal 
shields, with the metasternal seta, as figured ; genital shield with straight posterior 
margin, 144 « wide, and with one pair of short setae ; ventri-anal shield large, wider 
than genital, as figured, 190 wide by 168, long, reticulate, with four pairs of 
short setae in addition to the anal setae; at the base of the genital shield on each 
side is a small round shield which has a distinct pore, and behind coxae IV is a fairly 
large metapodal (inguinal) shield. The peritreme is long, reaching on the dorsal 
surface to the vertical setae, the peritremal shield is more lateral than ventral, 
and is attached to the dorsal shield anteriorly at about shoulder level. The chelicerae 
have the movable finger almost toothless, but finely serrate ; the fixed finger carries 
an inner row of about seven or eight equal comb-like teeth. Tectum not observed. 
Legs all shorter than body and fairly thick, I 351 u long, II 300 p, III 312 p, IV 364 p ; 
tarsi with short ambulacrum and paired claws, leg I on trochanter, femur, genu and 
tibia, with an antero-external tooth or spur as figured. 

Locality: The holotype and nine paratype females, from Brontispa froggatti 
Sharp. (Coleoptera—Chrysomelidae) from coconut leaves, Tenaru, Guadalcanal, 
Solomons, 4 August 1945 (coll. R. A. Lever). Also a number of specimens, all 
females, from Brontispa froggatti from Wangaramut, Raboul, New Britain, November 
1939 (B. A. O‘Connor). 

Genus ASPEROLAELAPS nov. 

Neoparasitid. Weakly chitinized, with broadly oval body and rather slender 
legs ; dorsal shield with coarse reticulations and stout lateral tubercular asperities, 
each with ciliated seta ; sternal shield reduced with only two pairs of setae; meta- 
sternal shields absent ; genital shield with one pair of setae; anal shield broader 
than long with usual three setae; peritreme fairly broad; dorsal setae of legs 
ciliated ; seta on tarsal segment of palp 3-tined ; chelicerae and tritosternum normal. 

Genoptype Asperolaelaps rotundus, sp. nov. 


Asperolaelaps rotundus sp. nov. (Text-fig. 18 A-E.) 


Description: Female: Medium sized, pale. Length of idiosoma 448 1, width 
416; dorsal shield, length 349, width 294, with seven pairs of more or less 
stout tubercular asperities, each with a ciliated seta to 37 # long, and nine pairs 
similar setae not placed on tubercles, eight pairs of marginal setae ; sternal shield 
reduced, much wider anteriorly, with anterior margin medially markedly concave 
and posterior margin slightly so, two pairs of sternal setae placed on shield, and the 
third pair distinctly off the shield, as figured ; metasternal shields represented 
only by a small seta; genital shield parallel-sided, somewhat wider posteriorly, 
with one pair of short setae; posterior margin lightly convex, reticulate; anal 
shield much broader than long, subtriangular, with three setae, adanal setae placed 
at posterior level of anus ; about six pairs of small setae on ventral cuticle around 
anal shield ; peritreme broad, without pronounced stigma, extending from level of 
coxae IV to level of coxae II where it becomes dorsal, peritremal shield extending 
back to posterior margin of coxae IV : legs fairly slender, all with caruncle, claws 
and pads; coxae and tarsi without stout spines ; femur I with four small conical 
spines ventrally, ventral setae of legs simple, lateral and dorsal setae ciliated, leg I 
384 w long, IT 336, IT 352 p, IV 400 #. ‘Tritosternum with stout base, and small 
weakly ciliated laciniae ; chelicerae, movable finger with one small tooth, fixed finger 
with five teeth, of which the middle one is the largest. 

Male : Unknown. 


Locality: Described from seven females collected on cards, Brookfield, near 
Brisbane, Queensland, 19 J anuary 1951 (coll. E. H. Derrick), and one female collected 
on card, Mt. Tamborine, Queensland, 14 May 1952 (coll. E. H. Derrick). The 
holotype female and five paratype females are in the collection of the South Australian 
Museum and two paratype females are in the collection of the Queensland Institute 
of Medical Research. 
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Textr-ric. 18 A-E.—Asperolaelaps rotundus, gen. et sp. Nov., 
D, leg IL; E, specialized seta on palpal tarsus 


A, dorsum; B, ventral view; C, chelicerae ; 


Family PPEUDOPARASITIDAE Vitzthum, 1941. 


Vitzthum, H. Graf, 1941, Bronn’s Tierreich, 5, Acarina, 757. 
Genus PARASITIPHIS nov. 

Fairly large strongly chitinized species, of elliptical elongate form with both 
anterior and posterior moderately acute. Dorsal shield entire, underlapping venter, 
but not fused with any ventral shields. Sensory seta on palpal tarsus 3-tined. 

angular with only the one point. In female, 


Tectum strongly chitinized, roughly tri 
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with pre-endopodal, coalesced sternal and metasternal, genital and coalesced ventral 

and anal shields. In male with sterniti-genital and ventri-anal shields ; apophysis 

on leg II and strong spines on coxae II, III and IV. Claws on tarsi I sessile. 
Genotype Parasitiphis littoralis, sp. nov. 


Parasitiphis littoralis, sp. nov. (Text-fig. 19 A—J.) 


Description: Female: Strongly chitinized and brown in colour. Shape elongate | 
elliptical, widest in middle. Length of idiosoma 975, width 520. Dorsal shield | 


/ 
| 
; 
; 


| 


entire, smooth, covering the whole dorsum and underlapping venter, where it overlaps | 


slightly the ventri-anal shield but is not fused thereto; with setae to 65 long, 
humerals 1174. Venter with normal tritosternum, and a pair of pre-endopodal 
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Text-ric. 19 A-~J.—Parasitiphis littoralis, gen. et sp. nov. 

A-F, 9. A, dorsum; B, ventral view; (, chelicerae : D, tectum ; E, speciali 
p18 ; C, 5 aby ; E, specialized seta on palpal 
tarsus ; F’, tip of tarsus I; G—J, g; G, tral view; H i : ; 
Feu Tae 3 ventral view; H, chelicerae ; I, femur of leg II; 
shields ; sternal shield slightly longer than wide with lightly concave posterior 
margin, fused with metasternal shields and with four pairs of setae and three pairs 
of pores, fused with endopodal shields of coxae II and III; genital shield half as long 
again as wide at base, with truncate posterior margin touching anterior margin of 
ventri-anal shield and with rounded hyaline anterior margin, with one pair of setae ; 
endopodal shield of coxae IV long and narrow and free ; ventri-anal shield widened 
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behind coxae IV to two-thirds of the body width then tapering to the apex of body, 
with five pairs of setae besides the three anal setae, and with transverse reticulate 
lines, laterally it is overlapped narrowly by the underlap of the dorsal shield ;_peri- 
tremal shield free from the dorsal shield except anteriorly in region of coxae II, 
free from the exopodal shields except at the posterior tip where it coalesces with the 
exopodal shields of coxae LV ; endopodal and exopodal shields not coalesced between 
acetabula, exopodal shields II and III, III and IV separated ; peritremal stigma 
between coxae III and IV. Legs: long and slender, except II which is thicker and 
stronger than the others, I 845, long, Il 576 yp, LI 672, IV 880 py, tarsi I, II 
and IV with caruncle and paired claws, the paired claws on tarsi I however are 
sessile, no special armature on coxae or trochanters. Chelicerae as figured, movable 
finger with ten teeth the first and fourth proximal stronger than the others, fixed 
finger with ten small teeth, and a seta (pilus dentarius). 

Male: As in female. Length of idiosoma 785, width 4804. Ventrally the 
sternal and genital shields are coalesced with one another and with the endopodal 
shields, between coxae IV the genital portion is considerably constricted and ends 
in a narrow rounded portion between the closely adjacent coxae, separated from 
the enlarged ventri-anal shield, with five pairs of setae of which the genital pair is 
at the extreme end of shield ; ventri-anal and other shields as in female. Legs: 
fairly slender, except I, which is thick and strong, with apophysis on femur as 
figured, coxae all unarmed, but on trochanters IT with a strong posterior apical 
blunt spine-like apophysis and on femur a strong spur-like apophysis, III with a 
similar but more spine-like apophysis on trochanter, and on basi- and telo-femur a 
small subapical tubercle, IV with both posterior and anterior spine-like apophysis 
on trochanter. Leg I 780 long, II 715, III 650u, IV 9104. Tectum as in 
female. Chelicerae as figured, with strong spermatophore carrier on movable finger 
free in apical half. 

Locality: Numerous specimens from the littoral zone, at American River, 
Kangaroo Island, South Australia, January 1946 (coll. H. W.). One female from 
Reevesby Island, South Australia, McCoy Expedition, January 1937. Holotype 
female and allotype male and paratypes in the collection of the South Australian 
Museum. 

Remarks : With the sessile claws on tarsi I, this species agrees with the genus 
Sessiluncus G. Canestrini and its allies which on this character are placed in the 
family Pseudoparasitidae Vitzthum. In the underlapping dorsal shield, the genus 
differs from all others in the family. 

One male, the one figured, was somewhat larger than the dimensions quoted 
above and larger than the females. The length of the idiosoma in this specimen was 
1008 ., width 5601; length of leg I 960, H 896 vw, IIT 640 pn, IV 1040 p. 


Family GAMASOLAELAPTIDAE Oudemans. 
Oudemans, A. C., 1939, Zool. Anz., 126 (1-2), 22. 


Genus DicAMASELLUS Berlese. 
Berlese, A., 1905, Redia, 2, 234. (Type Gamasus pusillus Berlese, 1892.) 


Digamasellus concinnus Womerlsey. 
Digamasellus concina Womersley, 1942, Trans. Roy. Soc. S. Aust., 66 (2), 159, fig. 11. 
Unfortunately this species was described as * concina’ but as this was a lapsus 
calumi for concinna, the spelling and gender are herewith corrected. 


Digamasellus trigardhi Womersley. 
Digamasellus trdgardhi Womersley, 1942, Trans. Roy. Soc. S. Aust., 61 (2), 16Y, fig. 13. 
Two specimens of this species, hitherto only known. from the mainland of South 
Australia were collected from moss from the Ravine de Casuars, Kangaroo Island, 
South Australia, October 1951 (coll. G. F. Gross). 
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Texr-rie. 20 A-E.—Digamasellus semipunctatus Wom. ; 
A-C, 3. A, ventral view ; B, chelicerae; C, femur of leg IL; D-K, 2; D, chelicerae; E, tectum: 


Digamasellus tasmanicus, sp. nov. (Text-fig. 21 A-F.) 

Description: Female: Shape broadly oval. Strongly chitinized and darkish 
brown in colour. Length of idiosoma 780 #, width 5204. Dorsum almost com- 
pletely covered by two adjacent dorsal shields, of which the posterior underlaps 
narrowly onto the venter posterior of coxae IV; anterior shield lightly imbricate, 
with 27 pairs of setae most of which are plain, pointed and strongly curved to 65 le 
long, the four verticals, a row of four on the shoulder level and two median setae 
between the latter and the posterior margin are straight, blunt and ciliated, to 58 fe 
long ; posterior shield with irregular horizontal to imbricate lines and 24 pairs of setae 
of which six pairs as figured are straight and ciliated to 52 long, the others simple 
and curved as on anterior shield, to 65 pu long ; on the cuticle dorsally in line with 
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Trext-rig. 21 A-~F.—Digamasellus tasmanicus, sp. nov. 
A-C, 9. A, dorsum ; B, ventral view ; C, chelicerae ; D-F, 3 ;-D, venter; KH, chelicerae ; 
F, femur of leg IT, 


37” 
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coxae III is a large and conspicuous pore or oil gland. Venter: tritosternum and @ 
pair of transverse pre-endopodal shields present ; sternal shield slightly longer than 
wide, fused with metasternal shields, and with four pairs of setae and three pairs of 
pores, with reticulate surface, anterior margin lightly concave, posterior margin 
fairly deeply concave; genital shield longer than wide at base, apex rounded, 
posterior truncate, with one pair of setae; ventri-anal shield very large, widel 
expanded behind coxae IV, with rounded sides which posteriorly are separated fror 
the underlap of the posterior dorsal shield by a narrow strip of cuticle, with seven 
pairs of fine setae, besides the paranal setae; peritremal shield fairly broad an 
obliquely truncate just posterior of coxae IV, peritreme slender with stigma betwee 
coxae III and IV: the shield only anteriorly overlaps onto dorsum where it is 
firstly separated from and then fuses with dorsal shield. Chelicerae as figured,, 
movable finger with two small subapical teeth followed by a larger tooth, fixe 
finger similar but with two additional teeth basally. Tectum triangular with a smalll 
lateral tooth on each side as figured. Legs: 1598 yw, Il 507, IIT 507 uw, IV 663 p,, 
without special armature. 

Male: Similar in facies to female. Length of idiosoma 710, width 520 p., 
Venter : tritosternum and pre-endopodal shields as in female; sternal, metasternal. 
and genital shields coalesced, separated by a narrow suture from ventri-anal shield, 
with five pairs of setae and three pairs of pores ; ventri-anal shield large as in female: 
but posteriorly at about one-seventh of the distance from anus to coxae IV it fuses 
with the underlapping posterior dorsal shield ; peritreme and peritremal shield as4 
in female. Chelicerae as figured, fixed finger with one subapical and one medial] 
tooth, movable finger with only one medial tooth, and a long tapering bent sperma-- 
tophore carrier which over-reaches tip of chelicerae. Legs: I more slender than) 
rest, without special armature except for a strong apophysis as figured on femur of| 
leg II, I 585 pu long, Il 520 py, IIT 520 pn, IV 650; tarsi with caruncles and paired! 
claws. 

Locality : Described from four females and one male from moss from Mt. Welling-- 
ton, Tasmania, 27 July 1943 (coll. V. VY. Hickman). ; 

Remarks: This species is closely related to concinnus Wom. (sie concina) in 
having two kinds of dorsal setae and the tri-spinous tectum, but differs in the shape: 
of the tectum and in the underlapping posterior dorsal shield. Types and paratypes | 
in the collection of the South Australian Museum. 


Family HAEMOGAMASIDAE Oudemans. 


Oudemans, A. C., 1926. 


Genus HAEMOGAMASUS Berlese. 


Berlese, A., 1889, Acar. Myr. Scorp. ital. repert., 52, 10, 124. (Type Haemogamasus hirsutus 
Berlese, 1889.) 


Subgenus EUHAEMOGANASUS Ewing. 


Pees aye Proc. U.S. Nat. Mus., 82, 30, 3. (Type Euhaemogamasus onychomydis 


Haemogamasus (Huhaemogamasus) oudemansi Hirst. (Text-fig. 22 A-D.) 


Haemogamasus oudemansi Hirst, 1914, Bull. Ent, Res., 5 (2), 122, pls. 14-16 
Hulaelaps mawsont Womersley, 1937, Aust. Antarctic Ex ed. 1911-14 ; Sct 

Bot., 10, pt. 6, p. 19, pt. 12, figs. 4—7. ee 52 Hee) ae 
Huhaemogamasus oudemansi Keegan, 1951. Proc. U.S. Nat. Mus., 101, 240 fig. 48-49 
Haemogamasus oudemanst Turk, 1945, Ann. Mag. Nat. Hist. (11), 12, (96), 797. - 
Huhaemogamasus oudemanst, Hughes, 1948, Mites associated with stored products, London, p. 150 


This widely distributed species has been fully redeseribed and figured by Keegan 
1951 (loc. cit.). The present writer described it as a new species from Macquarie 
Island, in 1937 under the name of Hulaelaps mawsoni, Keegan points out the 
synonymy in his paper, . 


\ 
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Tpxt-rrc, 22 A~-D.—Haemogamasus (Huhaemogamasus) oudemanst Hirst., 2. 
A, ventral view; B, dorsum; C, sternal shield ; D, chelicerae. 


Recently, June 1952, more specimens have been intercepted at Melbourne 
in tow used for packing machine parts from England; and forwarded to me for 
determination by Mr. Wilson, Entomologist at the Plant Research Station, Burnley, 
Victoria. 

The habitat and distribution of this species is fully discussed by Keegan (loc. cit.). 


Family IPHIOPSIDAE Kramer. 
Kramer, P., 1886. 


Genus [PHIOLAELAPS nov. 


Iphiopsidae, with all tarsi with caruncles but without claws. Female pre- 
endopodal shields of coxae I, II and III fused on each side to form the separated 
halves of the longitudinally divided sternal shield, each half furnished with three 
setae and the corresponding pores ; metasternal shields only represented by the 
setae ; genital shield, small, drop-like and fringed anteriorly, with one pair of setae ; 
ventral shield wanting; anal small with three setae; a small metapodal shield on 
each side, behind coxae IV. Male: sterno-genital shield with five pairs of setae, 
posterior end irregularly rounded on level with posterior margin of coxae IV, behind 
with four transverse lenticular scutelets. Chelicerae with movable finger much 
longer than fixed finger and with even longer spermatophore carrier. Legs unarmed. 

Genotype IL. myriapoda, sp. nov. 
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Iphiolaelaps myriapoda, sp. nov. (Text-fig. 23 A-F.) 


Description: Female: Shape subrotund. Length of idiosoma 975 p, widt) 
675 u. Dorsal shield entire, covering all dorsum, with short fine setae. | Venter: 
tritosternum present ; no pre-endopodal shields; sternum divided longitudinal!) 
into two widely separated halves, each with three setae and the corresponding pores 5 
metasternal setae only present; endopodal shields of coxae IV distinct ; genit 
shield, small, drop-shaped with fimbriated anterior, one pair of setae, and a fey 
delicate reticulate lines; immediately behind posterior margin is a transversely. 
elongate shieldlet with another smaller one on each side, the median one is composec 
of the two median ones found in the male fused together ; a small oblique lenticula: 
metapodal shield behind each coxae IV; anal shield small, cordate, with three setae : 


TEXT-FIG, 23 A-F.—Iphidolaelaps myriapoda, gen. et sp. nov., | 
A-D, 9. A, ventral view ; B, chelicerae ; ©, labial cornicles ; D, specialized seta on 
palpal tarsus ; E-F, g; E, ventral view ; F, chelicerae. 


on the cuticle between genital and anal shields are five pairs of small setae. Legs : 
all similar, without specialized spines, I 450 uv, I 480 u, III and IV 520 mw; all tarsi 
with caruncles but no claws ; ventral setae small and fine, dorsal longer and stronger. 
Chelicerae as figured, fixed finger simple, movable finger with subapical tooth, and 
longer than fixed finger. Labial cornicles short and stout as figured. 


Male: Smaller than female. Length of idiosoma 520», width 494 “. Dorsum 
as in female. Ventrally : sterno-genital shield entire, with rounded posterior end 
on level with coxae IV, five pairs of setae and genital opening in middle of anterior 
margin ; four transverse lenticular plates behind posterior margin of sterno-genital 
and a pair of similar parapodal shields behind coxae IV. Legs: all similar, without 
tarsal claws, unarmed as in female: T 390 ve, IL 4204, IIT 480 pn, IV 520 w long. 
Chelicerae with the fixed finger much shorter than the movable finger which is as in 
female but with a rather long spermatophore carrier. 


Locality and Host: Holotype female and allotype male from millipedes from Mt. 
Lamington, Queensland, December 1948 (coll. H. W.). 
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Remarks : In the stigma without peritreme, the short thick legs and 2-tined seta 
on palpal tarsus, this species falls into-the family Iphiopsidae, and in having no 
claws on any tarsi is closely related to the genus Jacobsonia Berlese. From this 
genus, however, it differs markedly in the absence of the ventral shield which in 
Jacobsonia tertia Vitz. is large, expanded behind coxae IV and fused with the genital. 
The division longitudinally of the sternal plate, even to a greater extent than in 


Scissuralaelaps Wom. is remarkable, and together with the other differences men- 


tioned above, justifies the erection of a new genus. 

It may be suggested that the splitting of the sternal plate, as figured, could have 
been due to damage of the specimen. Against such a conclusion, however, is the 
fact that the inner margins of the two halves do not integrate, and further had damage 
been sustained, one would have expected the tritosternum and the small genital 
shield to show damage or displacement which is not the case. 


Family LAELAPTONYSSIDAE nov. 


_ Laelaptid, with dorsal scutum subdivided, and specialized seta on palpal tarsus 
with three tines, two long and one short. Dorsal and sternal shields only defined 
by discontinuity of cuticular striations. Sternal with only two pairs of setae. 
Genital in female, separated narrowly from ventral and with strongly fringed anterior. 
Ventral and anal in female fused, elongate as in many Phytoseiinae, with four 
pairs of setae including the adanal pair, and a single postanal seta. In male sternal 
and genital fused, with four pairs of setae, and the genital opening behind the anterior 
margin but not in middle of shield; ventrianal as in female, narrowly separated 
from sterno-genital. Legs rather short and thick, tarsi with caruncles but all 
without claws; in male, femur of leg II with a strong ventral spine. Tritosternum 
present with its base deeply cleft. Labral paralabra long and slender. Chelicerae 
in female long and slender without teeth, movable finger strongly curved apically, 
shorter than fixed finger; in male similar, but fixed finger even shorter still and. 
with a long slender spermatophore carrier which is about three times the length of 
the whole mandible. Stigma short and simple without peritreme, as in Iphiopsidae. 


Genus LAELAPTONYSSUS nov. 


With the family characters as defined above. 
Genotype Laelaptonyssus mitis, gen. et sp. nov. 


Laelaptonyssus mitis, sp. nov. (Text-fig. 24 A-J.) 

Description: Female: Shape oval, tapering rather from middle. Length of 
idiosoma 780, width 570. Dorsal scutum subdivided, anterior 390 long and 
reaching lateral margins posteriorly, posterior 325 » long widest anteriorly but not 
reaching lateral margins, then curving inwards and rounding off at apex which 
does not reach apex of idiosoma ; both shields where not reaching lateral margins 
are surrounded by longitudinal cuticular striations, the discontinuity of which, 
except at the transverse division line, demarcates the shields ; the anterior shield 
has two submedian longitudinal irregular series of markings, and is furnished with 
34 long tapering simple setae 50 long ; the posterior shield is unmarked, with 22 
similar, but longer setae to 130 p ; externally of the posterior scutum on each side 
are two setae. Ventrally the shields are ill-defined being only demarcated by 
discontinuity of the cuticular striations. The sternal carries only two pairs of 
short setae, and its posterior margin is only indicated by an irregular transverse 
line. Jugular or pre-endopodal shields absent. Ona level with coxae III is another 
pair of short setae which probably represent the metasternal setae. The genital 
shield is roughly drop-shaped with rather flattened posterior, strongly fimbriated 
anterior, as figured, and with one pair of setae. The ventri-anal shield is elongate, 
twice as long as wide and constricted medially ; it carries four pairs of setae, the 
anterior pair short, then gradually lengthening until the adanal pair are ca. SO 
long, and the single postanal ca. 90 p long ; behind coxae LV lies a pair of small 
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triangular parapodal shields. Stigmata between coxae III and IV, without peri- 
treme. Legs: similar on all legs, I and II 455, long, III and IV 494, thick ; 
ventral setae short and fine, dorsal long ; all tarsi with caruncles but without claws. 
Chelicerae simple, long, movable finger a little shorter than fixed finger and with the 
apex stongly curved. Palpi as figured, sensory seta on tarsus with two long curved 
tines and a third short tine. Labral paralabra long and slender as figured. Tectum | 
not observed. 

Male: Smaller than female ; idiosoma 650 » long, 520 wide. Dorsal shields | 
as in female, but posterior somewhat relatively wider, with similar markings and | 
setation. Sterno-genital shield with four pairs of setae, the genital opening situated | 
in line with coxae II and distinctly behind anterior margin and first pair of setae. 


xm. 9 $ Pcie, un 
TExt-r1G. 24 A-~J.—Laelaptonyssus mitis, gen. et sp. nov. 


A-G, 2: A, dors . reinan ae 1 rah ; . 
‘ * oe pie ; Bi ventr al view; C, chelicerae ; D, labial cornicles and maxillary stylets; 
4, palp; BH, specialized seta on palpal tarsus; G, tritosternum - H-J, 3; H, dor : 
I, ventral view; J, chelicerae. ; ee nea 
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Ventri-anal shield as in female. Legs: I and I 415 long, IT and IV 440 y, all 
tarsi with caruncles but no claws ; coxae without specialized spines ; femur of leg IL 
ventrally with a long, strong, and blunt spine. Chelicerae as in female, but movable 
finger much shorter than fixed finger, and with a long recurved slender spermatophore 
carrier which is three times as long as entire mandible. 

Locality and Host: Described from the holotype and three paratype males, and 
allotype and three paratype females from a housefly culture, from the Department 
of Zoology, University of Western Australia, October 1950. All specimens in the 
South Australian Museum collection. 


Remarks on the Affinities of the Genus: At first sight on the characteristic stigma 
without peritreme, the structure of the legs and the lack of tarsal claws, this genus 
and species shows some resemblance to the family Iphiopsidae as defined by Vitzthum, 
1943, and by Baker & Wharton 1952. It does not conform to this family, however, 
in the three-tined specialized seta on the palpal tarsus and the divided dorsal shield. 
In the lack of tarsal claws, if placed in the Iphiopsidae, it would be related in the 
female to the genus Jacobsonia Berl., but differs therefrom in the genital shield 
being separated from the ventri-anal, and not the reverse. In the general arrange- 
ment of the female ventral shields it shows considerable association with certain 
genera of the Phytoseiidae, and in the structure of the male chelicerae with the 
genus Platyseius Berl. of that family. 

In so many respects, therefore, it is anomalous, and cannot satisfactorily be 
placed in any family of the Gamasides as at present defined so that the new family 
Laelaptonyssidae is herewith erected for it. 


Family PHYTOSEIIDAE Berlese. 
Beriese, A., 1916, Redia, 12, 33. 
Subfamily Payvoszrw aL Berlese. 
Berlese, A., 1916, Redia, 12, 33. 
Genus LastosErus Berlese. 
Berlese, A., 1916, Redia, 12, 34. (Type Seius muricatus Berlese, 1887.) 
Subgenus ZERCOSELUS Berlese. 
Berlese, A., 1916, Redia, 12, 43. (Type Sezus spathuliger Leonardi, 1899.) 
Lasioseius (Zercoseius) boomsmai sp. nov. (Text-fig. 25 A—D.) 
Description: Female: Shape ovoid. Colour in life whitish. Length 418 p, 
width 312 p in line of coxae IV. Dorsal shield covering dorsum except for a narrow 
strip all round, finely reticulate, the posterior reticulations more or less scale-like, 
furnished with about 56 strong thick curved setae which are apically blunt and 
slightly thickened with a few serrations; these setae are from 42 anteriorly to 
60 » long posteriorly ; at the extreme posterior end of the dorsum is a similar but 
longer pair to 70; on the shoulders and at the tip of the dorsal shield is a pair 
of short fine simple setae ; the inner vertical setae are about twice as long as the 
outer. Venter: sternal shield as figured with three pairs of setae 28» long, shield 
ending in midline of coxae II1 and with concave posterior margin, length 112 p, 
width 112; metasternal shields small but conspicuous ; genital shield as figured, 
70 » long by 70 wide at base ; ventri-anal shield large, 210 4 wide by 168 » long, 
as figured with only slightly convex front margin which stretches across three- 
quarters of the entire width of venter, shield with four pairs of fine setae, 28 pu long, 
besides the anal setae; between the posterior margin of the genital shield and 
the anterior margin of the ventri-anal shield is a row of four small transverse lenti- 
cular shields, and posterior of coxae IV is a fairly large inguinal (metapodal) plate, 
with a small one anterior thereto. Legs: fairly long and slender, without any 
special armature, I the most slender, 481» long, IT 390 p, III 3644, IV 520, ; 
tarsi with a fairly long ambulacrum and paired indistinct claws. 'Chelicerae as 
figured ; fixed finger with an inner comb of 14-15 teeth, movable finger with three 
inner strong backwardly directed teeth. 
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} / S S ‘k-boring beetles 
Locality: The type and two paratype females from frass of bar ) 
received from Mr. Boomsma of the South Australian Woods and Forests Department, 
and collected near Adelaide, South Australia, May 1952. In the collection of the 
South Australian Museum. 


TEext-Fic. 25 A~D.—Lasioseius (Zercoseius) boomsmai, sp. nov., 9. 
A, ventral view; B, dorsum ; C, dorsal seta ; D, chelicerae. 


Remarks ; This species is closely related to the European, Lasioseius (Zercoseius) 
ometes (Ouds. 1903), also known from association with bark-beetles. From ometes 


the new species is markedly distinct in the much more shallowly concave posterior 
margin of the sternum. 


Genus AMEROSEIUS Berlese. 


Berlese, A., 1903, Redia, 1, 258. (Type Acarus corbicula Sowerby, 1806—Seius echinatus 
C. L. Koch, 1839)=Seius muricatus C. L. Koch, 1839=Seius hirsutus Berlese, 1887, non 
Seius muricatus Berlese, 1887.) 
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Ameroseius ornatus, sp. nov. (Text-fig. 26 A-G.) 

Description : Female: Shape oval.” Strongly chitinized and brownish in colour. 
Length of idiosoma 400, width 240. Dorsal shield entire, covering all the 
dorsum, with a number of reticulate depressions as figured, with 30 pairs of thick 
ciliated setae from 18 long anteriorly to 55, long posteriorly. Venter: with 
normal tritosternum ; no pre-endopodal shields ; sternal shield as long as wide with 
lightly sinuate posterior margin and convex anterior margin, with only two pairs 
of setae and two pairs of pores, the third pair of setae are placed well behind sternal 
shield, and between these and the posterior angles of the sternal shield are a pair 
of small triangular shields which may be endopodal shields of coxae III not coalesced 
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Tpxt-ric. 26 A-~G.—Amerosevus ornatus, sp. Nov. 
A-D, 2; A, ventral view ; B, dorsum ; C, chelicerae ; D, posterior dorsal seta ; E-G, dg; 
FE, ventral view; F, chelicerae; G, leg ie 


with sternal; metasternal shields absent but represented by the setae close to 
coxae III; genital shield small conical with truncate posterior margin, well separated 
from ventri-anal shield; ventri-anal shield transverse and broadly elliptical with 
four pairs of short fine setae besides the paranals ; behind coxae IV is a moderately 
large reniform shield and a smaller round shield ; peritremal shield long and narrow, 
not extending beyond coxae IV and with the stigma opposite coxae III. Legs: 
fairly thick, with strong ciliated setae, all tarsi tapering, with caruncle and paired 
claws, I 320 long, IT 240 yu, II 240 py, IV 320, without special armature. Cheli- 
cerae as figured, small, fixed finger with two small subapical teeth, then a median 
large tooth, and then two smaller close together and more basal, movable finger 
apparently without teeth. Tectum not observed. 

Male: Much as in female. Length of idiosoma 320 p, width 208. Ventrally 
the genital opening is situated in the anterior of the coalesced sternal and genital 
shields, which carries five pairs of short setae ; the ventri-anal shield is longer than 
wide, rather cordate in shape with four pairs of short fine setae besides the paranatls : 
there are no metapodal shields. Legs: as in female, I 304 u long, I 224 w, IT 224 yp, 
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IV 304. Chelicerae as figured, fixed finger with a subapical tooth and two larger 
submedian teeth, movable finger toothless and furnished with a short stout and 
tapering spermatophore carrier. 


Locality: One female and one male, the holotype and allotype respectively 
from strawberry plants from Tasmania, sent from the Plant Research Station, 
Burnley, Victoria, June 1952. Types in the collection of the South Australian 
Museum. 


Genus GARMANIA Nesbitt. 
Ae H. H. J., 1951, Zool. Verhandn., 12, 48. (Type Typhlodromus domesticus Oudemans, 
929, 
Garmania nesbitti, sp. nov. (Text-fig. 27 A—E.) 

Description: Female: Shape oval. Lightly chitinized with ca. 29 pairs of 
setae to 42 ~ long except one subposterior pair to 56 long, as figured, lightly reti- 
culate. Length of idiosoma 415 p, width 260 4. Venter: with normal tritosternum : 
no pre-endopodal shields ; sternal shield about as wide as long, with sinuate anterior 
and lightly concave posterior margin, with three pairs of setae and two pairs of 


(ee eee pee kt gh ae es 
moe es Taxr FIG, 27 A. i. -Garmania nesbitt?, sp. nov 
4A, dorsum; Bb, ventral view; C, chelicerae ; 


ie) 
BE 3U 


D, tectum; E, gnathosoma from below. 
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pores ; metasternal shields small with seta and pore; genital shield with truncate 
posterior margin and one pair of setae; ventri-anal shield small, pear-shaped with 
small end forwards, longer than wide, with only the paranal setae, fairly widely 
separated from genital ; on the cuticle immediately behind genital is a row of four 
setae and then on each side of ventri-anal are 9-11 setae ; metapodal shields behind 
coxae IV small and about two and half times as long as wide ; peritremes running 
onto dorsum about coxae II and nearly meeting over gnathosoma, stigma between 
coxae III and IV. Legs slender, unarmed, tarsi with caruncles and paired claws, 
1 415 long, Il 325 p, IL 325, IV missing. Chelicerae as figured, without mesial 
denticulate process ; fixed finger with numerous small teeth, movable finger with 
one large and one median tooth. Tectum as figured, tri-spinous. Anterior setae 
on hypostome stronger than others. 


Male: Unknown. 


Locality: A single female, the holotype from cards placed in scrub, Cedar Creek, 
via Closeburn, Queensland, 12 April 1952 (coll. E. H. Derrick). Type in the collection 
of the South Australian Museum. ; 


Remarks : This species is closely related to both G. novae-hollandiae (Oudemans) 
and G. bulbicola (Oudemans). It agrees with the first in the tri-spmous and not 
denticulate tectum but lacks the strongly excised posterior margin of the sternal 
shield. From bulbicola it differs in the lack of a mesial denticulate process on the 
chelicerae and in the tri-spinous not denticulate tectum. It also agrees with bulbicola 
in the much stronger anterior hypostomal setae. 

Since writing the above a number of females of this species have been found in 
bark scrapings of logs at Port Adelaide, South Australia, January 1954. The 
logs were imported from Western Australia, and the men handling them complained 
of being badly bitten. Besides this species T'yphlodromus cucumeris Ouds. and 
Tyrophagus canestrinii Hirst were also present in numbers. 

I am pleased to dedicate it to Prof. H. H. J. Nesbitt who has so satisfactorily 
re-examined Oudemans’ material and put the study of this family of mites on a 
sound basis. 


Garmania ? pomorum (Oudemans). (Text-fig. 28 A—D:) 
Typhlodromus pomorum Oudemans, 1929, Hnt. Ber., 8 (170), 31-32. 
Garmania pomorun Nesbitt, 1951, Zool. Verhdin., 12, 48, pl. xxv. 

Redescription : Female: Shape oval. Lightly chitinized. Dorsal shield entire, 
not covering all the dorsum, with ca. 40 pairs of long to 70 ¢ fine setae. Length of 
idiosoma 585, width 415. Shields with light reticulations. Ventrally with 
tritosternum, but no pre-endopodal shields ; sternal shield about as wide as long, 
with three pairs of setae and two pairs of pores ; metasternal shields distinct with 
seta; genital shield not much longer than wide, with incurved sides, truncate 
posterior and one pair of setae ; anal shield small, elongate oval as figured with 
only the three paranal setae ; behind coxae IV with a small elongate parapodal 
shield ; on cuticle behind coxae IV with ten pairs of setae, two pairs of which lie 
between genital and anal shields ; peritremal shield rather narrow with stigma 
between coxae III and IV and running onto dorsum near coxae IT. Chelicerae as 
figured, fixed finger with a small blunt subapical tooth and then a series of 15-20 
fine equal teeth. Tectum evenly rounded but the edge is not perfectly smooth 
although not denticulate. Legs: longer than body, I the most slender, without 
special armature, I 780 » long, TAO, LIT 710 pn, TY: 


Locality: Six specimens are so very much like Oudemans figures of pomorum 
published by Nesbitt 1951 that I have little doubt as to their identification. The 
only differences of note are (1) the distinct anterior and lateral angles of the sternal 
shield, (2) the absence of the transverse line across the dorsal shield, and (3) the 
almost smooth not dentate margin of the tectum. 

G. pomorum (Ouds.) is only known from apple trees from Holland, 
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TExtT-FI¢. 28 A-D.—Garmania ? pomorum (Ouds.), 9. 
A, dorsum ; B, ventral view ; C, chelicerae ; D, tectum. 


Genus PLatysxtus Berlese. 


Berlese, A., 1916, Redia, 12 (1), 42. (Type Platyseius capillatus Berl. 1916) (=Episeius Hull, 
1918; = Paraseius Tragardh, 1910.) 


dorsum, as figured, with ca. 34 pairs of setae most of which are slightly curved, with 


with similar setae; dorsal shield with light imbricate reticulations as figured. 
Venter: with tritosternum but without pre-endopodal shields; sternal shield as 
long as wide, with convex anterior and concave posterior margin, with three pairs 
of setae and two pairs of pores; metasternal shields distinct, roughly round and 
situated near inner posterior corners, with seta ; genital shield small with truncate 
posterior margin and one pair of setae : ventri-anal shield wider than long as figured 
with transverse lines and four pairs of setae in addition to paranals; between the 
ventri-anal and genital shields but nearer to the genital are four transverse lenticular 
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shields ; behind coxae IV is a small roundish metapodal shield ; internally between 
coxae IV and genital shield can be seen on each side a small thistle-head shaped 
spermatheca the tube of which runs forwardly to coxae IV (as figured). Legs 
fairly thick, without special armature, tarsi with caruncle and paired claws, I 390 
long, II 325», III 286, IV missing. Chelicerae as figured, movable finger with 
three teeth, of which the median is the largest ; fixed finger with ca. 12 small equal 
teeth. Tectum small, delicate, tri-spinous. Peritremes running forward onto 
dorsum about coxae II and nearly meeting above gnathosoma, stigma between 
coxae IIT and IV. 


Text-ric. 29 A-E.—Platyseius queenslandicus, sp. Nov., OF 
A, dorsum; B, ventral view; ©, chelicerae ; D, tectum ; E, specialized seta on palpal tarsus. 


Male : Unknown. eae: é; 

Locality : Described from the single holotype female from cards placed amongs 
scrub at Ce Creek, via Closeburn, Queensland, 12 April 1952 (coll. E. H. Derrick). 
In the collection of the South Australian Museum, 
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Description: Female: Shape oval. Fairly strongly chitinized and brownish 
in colour. Length of idiosoma to 585, width to 360. Dorsal shield as figured, 
entire, not completely covering dorsum, with strong somewhat imbricate reticulate 
markings, with 40 pairs of simple, tapering, slightly curved setae to 40 long 
posteriorly. Venter: normal tritosternum present; no pre-endopodal shields ; 
sternal shield about as long as broad with almost straight anterior and lightly 
concave posterior margin, with three pairs of fine setae and two pairs of pores ; 
metasternal shields distinct, roundish, with seta and pore; genital shield longer 
than wide, truncate posteriorly and with one pair of setae ; ventri-anal shield large, | 


Platyseius mackerrasae, sp. nov. (Text-fig. 30 A—E.) 


2 da 


PEXT-F ta. 30 A-E.—Platyseius mackerrasas, sp. nov., 9 
A, ventral view ; B, dorsum; (, chelicerae ; D, tectum ; E, peritreme, 
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cordate, longer than wide, with the anal orifice about the middle, with three pairs 
of setae in addition to the paranals ; a pair of setae between the genital and ventri- 
_ anal shields ; on the cuticle outside of ventri-anal shield are ten pairs of setae ; 

a small oval metapodal shield behind coxae IV; peritremal shield fairly broad 
extending round base of acetabula IV, with the stigma between coxae II and IV, 
peritremal tube very thick, extending backwards from stigma and around the apex 
of shield, anteriorly it overlaps onto the dorsum on level of coxae II and the peritremal 
shield is at first separated from the dorsal by a distinct suture. Legs: I very long 
and slender, others thicker, I 585 w, IT 500 yw, III 455 pv, IV 624; claws on tarsi I 
practically sessile, on other legs with caruncle. Chelicerae as figured, fixed finger, 
with a strong upturned subapical tooth, movable finger with one normal subapical 
tooth. Tectum as figured, tri-spinous, with equal prongs which are slightly expanded 
and toothed at apex. 


Male : Unknown. 


Locality: Described from five females on a Tipulid fly, from Sandgate, near 
Brisbane, Queensland, 16 February 1951 (coll. M. J. M.), and one from a similar 
host, Brisbane, October 1948 (coll. I. M. M.). 


_ Remarks : Although placed in the genus Platyseius this species is remarkable 
in the very thick and backwardly extending peritremal tube. 


Subfamily Popocrniwaz Berlese, 1916. 


Genus DERRICKIA nov. 


This genus is unfortunately based on a nymphal stage but the specimen is 
unique in many features so that its description as a new genus and species appears 
justified. 

Nymph: Subrotund in shape and lightly chitinized with a small reticulate 
dorsal shield, with short to long ciliated setae. Anterior of dorsal shield a vertical 
pair of long setae, a pair of short ones and then, a long median seta ; vertex itself 
fringed with uneven scales. Legs long and slender ; tarsi I tactile without claws or 
caruncle. Venter: tritosternum present; sternal shield small, ill-defined, with 
four pairs of setae ; anal shield subtriangular without the post-anal seta. Chelicerae 
with strong fringed seta on movable finger. 


Derrickia setosa, sp. nov. (Text-fig. 31 A-G.) 

Description: Nymph: Shape subrotund. Lightly chitinized. Length of idio- 
soma 572, width 490. Dorsum with a small squarish shield which is reticulate, 
punctate and furnished with eight pairs of pubescent setae, the postero-lateral of 
which are to 294, long; in front of the shield are five setae, the anterior pair 
_(vericals) to 147 » long, the next pair 51 » long and then a single median seta 184 
long; on each side of the shield are four setae from 55 to 294 long and seven 
short minute setae ; posterior of the shield are nine pairs of setae the two postero- 
lateral pairs to 202 » long ; between the two long vertical setae there is a tectum ? 
of irregular scale-like projections. Venter : tritosternum present and normal ; 
sterno-genital shield longer than wide, ill-defined, with four pairs of setae, the fourth 
~ pair (genital) of which appear to be slightly off the shield ; anal shield as figured, 
subtriangular, with only the paired adanal setae ; between the sterno-genital and 
anal shields are two pairs of short setae the second pair of which are close to anterior 
end of anal shield ; lateral of the anal shield are six setae 73 long. Legs fairly long 
and slender, I 780 long, tactile, without claws or caruncle but with long slender 
terminal setae, II 512, III 512py, IV 512y, these legs with caruncle and_ paired 
claws; all legs with pubescent setae but no special armature. Palpi with the 
specialized seta on tarsi 9-+ined.  Chelicerae as figured, fixed finger with the 
dorsal edge finely serrate, movable finger with three teeth, and a strong, many- 
branched seta ventrally. Peritreme short, and thick, with stigma on level of coxae IV. 


Adults : Unknown. 
JOURN. LINN. SOC.—ZOOLOGY, VOL. XL. ; 38 
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TEXt-FIG. 31 A~G.—Derrickia setosa, gen. et sp. nov., Nymph, 
ventral view; C, anterior end of dorsum ; D, tip of palp ; E, tritosternum ; 
F, chelicerae ; G, tarsus I. 


A, dorsal view ; B, 
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Locality : A single nymph collected on card placed in scrub, Muminbah, Queens- 
land, 20 February 1952 (Coll. E. H. Derrick). 

Remarks : This very curious Acarid has some very remarkable features, noticeably 
(1) the single long median seta in front of the dorsal shield, (2) the row of scale-like 
processes anteriorly on the dorsum, (3) the long tactile front legs, and the special 
seta on the movable finger of the chelicerae. 

In all proability it should be placed in the subfamily Podocininae. Superficially 
it has some resemblance to Podocinum sagax (Berlese 1882). 


Family VEIGATAIDAE Oudemans. 
Oudemans, A. C., 1939, Zool. Anz., 126 (112), 21. 


Genus VeErIGATA Oudemans. 
Oudemans, A. C., 1905, Hntom. Ber., 2, 25,6. (Type Gamasus nemorensis C. L. Koch, 1936.) 


Veigaia gentiles, sp. nov. (Text-fig. 32 A-K.) 

Description: Female: Shape an elongate oval. Lightly chitinized. Length 
of idiosoma to 1040, width to 560. Dorsal shield completely subdivided, the 
anterior shield longer than wide, 4404 by 340, and much longer than posterior 
shield, posterior margin medially produced in a short rounded lobe, with 20 pairs 
of long simple tapering setae from 84 4 to 110 long ; posterior shield with anterior 
margin medially excavate to fit posterior margin of anterior shield, the sides and 
posterior margin evenly rounded, separated from end of body by the length of shield, 
with nine pairs of setae. Venter : tritosternum with long basal portion, about two- 
thirds the length of the laciniae ; pre-endopodal shields present, small and triangular ; 
sternal shield long and narrow with the first pair of setae on small jugular ? shields 
separated from the sternal shield proper by a number of transverse striations, with 
the first pair of pores on the posterior edge of these striations, between anterior 

corners of sternal shield and coxae II with a triangular shield, between coxae II 
the sternal shield narrows and continues with roughly parallel sides to midway of 
- coxae IIT where the posterior margin is more or less straight, the metasternal shields 
are coalesced with the sternal, and the metasternal setae are close to the third sternal 
pair; the genital and ventral shields are coalesced except for an indistinct suture 
which only extends to the lateral margins as a fine line, the combined shield carries 
six pairs of setae, the anterior (genital) pair being placed close to the apex of the 
genital portion, which upon dissection carries with it the complex chitinized oval 
ring of the dorsal wall of the vagina ; anal shield well separated from genito-ventral, 
rounded but slightly longer than wide, with only the three paranal setae of about 
equal length; on the cuticle outside the geniti-ventral and anal shields are seven 
pairs of setae ; peritreme long and narrow running onto dorsum on level of coxae IT 
and continuing to coxae I. Legs long and slender, without any special armature, 
tarsi with longish caruncles and paired claws, leg I 1170» long, II 780 p, III 780 p, 
IV 1060. Chelicerae as figured, rather long, both fingers with two subapical small 
‘teeth. Tectum of peculiar form as is typical of the family, with strong lateral 
horns expanded apically and with three variable teeth, medially with a longer more 
hyaline process which expands and bifurcates apically where it is finely dentate. 
Specialized setae on palpal tarsus with four tines. Oval when fully developed 520 y 
by 350 pz. 

— Male: Unknown. 

Tritonymph ? Much as in female in form. Length of idiosoma 650 pw, width 
‘410 uw. Dorsal shields as figured ; anterior longer than wide, larger and wider than 
posterior, with 19 pairs of setae, its posterior margin medially produced in a tongue 
about three times as long as wide and which closely follows the outline of a corre- 
sponding incision in the anterior margin of the posterior shield, posterior shield 
otherwise much as in female, with ten pairs of setae. Ventrally : sternal shield 
ill-defined much as in female with four pairs of setae and three pairs of eee the 

38 


Trext-rie. 32 A~K.—Vetgaia gentiles, sp. nov. 
A,-G, 9. A, dorsum; B, ventral view; C, chelicerae; D, tritosternum; EH, specialized seta. 
on palpal tarsus; F, tectum; G, genital aperture; H-—I, tritonymph; H, dorsum; 
I, venter ; J-K, protonymph; J, dorsum; K, venter. | 


outline is not distinct as the cuticular striations extend over it laterally, all the 
setae and pores being on these striations; pre-endopodal shields as in female; 
genital and ventral shields very indistinct and poorly developed ; anal shield more 
clearly defined, as figured. Peritreme long, but only reaching to about level of 
coxae FI on the dorsal surface. Legs: much as in female, I 910, Il 650», II 
650 uw, IV 910 p long. 

Protonymph ? Length of idiosoma 580, width 390. Only the anterior 
dorsal shield present and not clearly defined, with eleven pairs of setae ; the posteriot 
prolongation not much longer than wide. Ventrally with the sternal and anal 
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Shields moderately defined, the ventral less so, the sternal shield with only three pairs 
of setae and two pairs of pores. Peritreme very short as figured. Legs I 845 p, 
II 520 p, IIL 520, IV 650 pz long. : 
Locality : From the littoral zone at American River, Kangaroo Island, South 
Australia, 1 January 1946 (coll. H. W.). : 


Remarks : The holotype and three paratype females and five nymphs (four 
?tritonymph and one ? protonymph) in the collection of the South Australian 
Museum. 

In the dimensions and shape of the dorsal and ventral shields and the detailed 
structure of the tectum this species differs from all other species, the descriptions 
and figures of which are available to me. In Willmann’s paper on the Middle 
European species of Veigaia (Zool. Anz., 116, (9, 10) 249-258) he divides them into 
two groups: (1) those in which the ventral shield is laterally coalesced with the 
peritremal shield, and (2) in which the peritremal is not coalesced with ventral, and 
the genital and ventral shields laterally behind coxae IV are not completely 
separated. The above new species belongs to the second group, although the division 
between genital and ventral is only represented laterally by a fine and indistinct line. 


Subfamily DasLaprinar Tragardh. 
_ Tragardh, T., 1908. : 
Genus Lartaps C. L. Koch. 


Koch, CG. L., 1839, Crust. Myr. Arach., 4,19. (Type Acarus muris Liungh, 1799 = Laelaps 
agilis Koch, 1839.) 


Laelaps hapaloti Hirst. 
Hirst, S., 1931, Proc. Zool. Soc. Lond. (2), 562 ; Womersley, H., 1937. J. Parasitt. (4), 29, 532. 
This species was described by Hirst but not figured, from specimens from @ 
“ Jumping pouched marsupial mouse ” (Hapalotis), collected at Humbug Scrub, 
- near Adelaide, South Australia, by Mr. A. Rau. In 1937 Womersley (Parasitology: 
29, (4) 532) recorded that the original series, which was stated to be in the South 
Australian Museum, could not be found, and re-described and figured Hirst’s species 
from another series from the same host and locality, collected by Mr. Bellchambers. 
In the South Australian Museum collection there are also three other specimens 
from Pseudomys sp. from Wallara North, Basedow Range, Central Australia, 1932 
(coll. H. H. Finlayson). 
More recently a series has been obtained from Notomys mitchelli from Sherlock, 
near Murray Bridge, South Australia, September 1953. 


Laelaps assimilis, sp. nov. (Text-fig. 33 A-F.) 


Description: Female: Shape broadly oval. Fairly strongly chitinized and 
~ prownish in colour. Length of idiosoma 736», width 552; dorsal shield (length 
— 6624p, width 440 ~) not completely covering dorsum, with 38 pairs of long setae 
to 88; surrounding cuticle with about 12 pairs of long setae to 112y. Venter : 
tritosternum present ; no pre-endopodal shields ; space between tritosternum and 
__sternal shield lightly reticulate on either side; sternal shield broader than long, 

concave posteriorly, reticulate and with the usual three pairs of setae and two pairs 
of pores, extreme posterior margin of shield reaching level of middle of coxae ITI ; 
metasternal shields distinct, each with a long setae, pores placed. off shields ; genito- 
ventral shield large and flask-shaped, with a straight posterior margin, anterior 
margin with fibrils, and surface of shield marked with fine transverse lines ; small 
metapodal shield near second seta of genito-ventral shield, and a larger one to the 
side ; anal shield pear-shaped with the usual three setae ; rest of venter with about 
six pairs of long setae. Leg IV moderately slender, other legs stout, all with 
caruncles and claws, leg I 352 long, Il 281 p, III 320 p, IV 416, coxae I, II and 
IIL with a stout posterior spine, femur I with a long inner spine dorsally and 
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TEXT-FIG. 33 A-F,—Laelaps assimilis, sp. nov. 
A, dorsum, 2; B, ventral view 9; C, ventral view 3; D, chelicerae 9; EH, chelicerae ¢; F, 
ventral view of nymph. 


ventrally, 88 long, tarsi without strong spines. Chelicerae stout, with seta on 
fixed finger replaced by a thick, apically inflated hyaline process, each finger with 
two teeth ; tectum rounded and hyaline. 

Male: Of similar general shape to the female, but slightly larger, idiosoma 
length 756, width 584; dorsal shield (length 680, width 472) with long 
setae to 136; surrounding cuticle with setae to 144 #. Venter: sternal, metaster- 
nal, ventral and anal shields fused to form a single holoventral shield, which is 
expanded behind coxae IV, with eleven paired and one single terminal seta including 
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the three paranals, lateral margins of ventri-anal part of shield are irregular, and 
occasionally a setae is off the shield, genital opening in anterior part of sternal shield ; 
all legs stout, leg IV being the longest, leg 1 384 long, leg Il 392 u, HI 384 py, IV 
552 », coxae III with short posterior spine; tarsi II, II, IV with strong spines, 
long spines on femur I 88 » ; chelicerae with fixed finger much reduced, and movable 
finger slightly so, both fingers with teeth, spermatophore carrier long and blade-like, 
as figured. 

Nymph: Less strongly chitinized than adult, body oval, idiosoma length 640 p, 
width 448; dorsal shield length 576, width 352; sternal shield tapering 
posteriorly to level of hind margin of coxae IV, with four pairs of setae and two 
pairs of pores ; anal shield with usual three setae ; 11 pairs of setae on the cuticle 
of venter ; legs all stout, leg I 408 » long, IT 352 pu, HI 336, IV 448», coxae IIT 
with fairly stout spine posteriorly, femur I with long spines as in adult, only tarsi ITT 
and IV with spines; chelicerae similar to adult. Peritreme reaching from level of 
posterior margin of coxae HI to level of middle of coxae I, as in adult. 

Locality and Host: Numerous specimens from Rattus assimilis Gould (id. W. A. 
McDougall), Mt. Glorious, Brisbane, 8 June 1951 and Mt. Nebo, Brisbane (two rats), 
9 October 1952 (coll. E. H. Derrick and T. Lawton). 

The holotype female and allotype male and paratypes are in the South Australian 
Museum collection and some paratypes in the collection of the Queensland Institute 
of Medical Research. 

Genus HETEROLAELAPS Hirst. 
Hirst, 8., 1926. Proc. Zool. Soc. Lond. (3) 838. (Type H. antipodiana Hirst, 1926.) 
Heterolaelaps antipodianus Hirst. (Text-fig. 34 A-C.) 
Laelaps (Heterolaelaps) antipodiana, Hirst, 8., 1926, Proc. Zool. Soc. Lond. (3), 838. 


Tixt-ric. 34 A-C.—Laelaps (Heterolaelaps) antipodianus Hirst, 2. 
A, dorsum ; B, ventral view ; C, chelicerae. 
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This genus and species were described by Stanley Hirst from the bandiceas | 
Perameles nasuta from Sydney, New South Wales. _ Q | 

Womersley (Parasit. 29 (4), 538) also recorded it from Isoodon obesulus from 
Adelaide, South Australia, and from Perameles gunni from between Portland and } 
Hamilton in Victoria on specimens in the South Australian Museum. The last 
record is erroneous as to the locality which was a small island off Yorke Peninsula, | 
South Australia. A further study of the South Australian Museum collection | 
reveals also two specimens from a bandicoot from Brisbane, Queensland, January 
1938 (coll. D. J. W. Smith). As Hirst’s description omits certain features and | 
he only gives a figure of the ventral surface, further details and drawings are now giver 

The genus, referred to by Hirst as a subgenus of Laelaps, is defined as follows : 

“ Genito-ventral plate very small and furnished with five pairs of hairs. Second 
and third coxae each with a ventral spur”’. : 

In his specific description, however, referring to the genito-ventral shield, he 
says ‘‘ there are usually five pairs of hairs”. In his figure, however, there are only 
four pairs which can be said to be on the shield, the second pair from the front being 
definitely off the shield. In the four specimens in the South Australian Museum 
collection, there are four pairs of setae, all of which except the anterior can scarcely 
be said to be on the shield, although they touch or almost touch the margin. 

Between coxae IV and the anterior of the genital-ventral shield, are a pair of 
elongate shields ; these are usually present, although smaller and not so elongate, 
in allied forms, and suggest homology with the lateral shields of Tragardh, which are 
so well developed in the Macrochelidae. They were not referred to or figured by Hirst. 

The dorsal shield is as now figured and does not cover the whole dorsum. It is 
slightly reticulate and carries about 27 pairs of setae; except anteriorly and posteriorly . 
the setae outside the dorsal shield are only about half the length of the scutal setae. 

The chelicerae are short and stout, each finger with two teeth. Between the 
teeth on the fixed finger is a short simple seta, the ‘ pilus dentarius’; no seta has 
been observed at the base of the movable finger; the ‘ pulvillus’ behind the base 
of the movable finger is large and fringed with short blunt teeth rather than setae 
or ciliations. 

Male : Still unknown. 


Recently two females have been received from rabbits, Betsy Island, Tasmania, 
1 October 1953 (coll. I. Rawley). 


Genus MEsoLaeaps Hirst. 
Hirst, 8., 1926, Proc. Zool. Soc Lond., 840. (Type Laelaps (Mesolaelaps) anomalus Hirst, 
1926.) 
This genus is characterized by the small sac-like genito-ventral shield with only 
three pairs of setae. Hirst also gives “ Coxae without spurs” but if the following © 
hew species is to be included this last character is not generic. 


Mesolaelaps thalacomys, sp. nov. (Text-fig. 35 A-E.)  _ 

Description: Female: Large well-chitinized species, dark brownish in colour. 
Shape oval. Length of idiosoma 16504, width 1145. Dorsal shield not covering 
entire dorsum, with numerous long slender setae 230 1 to 260 pu long, most of which 
are indistinctly ciliated, but the antero-lateral and posterior are more distinctly so. 
Venter: no pre-endopodal or jugular shields ; base of tritosternum set in middle 
of anterior margin of sternal shield ; sternal shield wider than long with three pairs 
of setae of which the anterior pair are the shortest and distinctly ciliated, the others 
longer and barely ciliated, the shield is reticulate and there are two pairs of pores ; 
metasternal shields represented only by a long seta and pore ; genito-ventral shield 
small, not expanded behind coxae IV, and with three pairs of setae of which the 
third pair are doubtfully on the shield ;_ ventral shield small, well rounded, with the 
usual three setae, of which the postanal is the longest and all three are sinuous ; 
metapodal shields small and rounded; ventral cuticle posterior of coxae IV with 
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“numerous setae to 156 long. Legs not longer than idiosoma, I 1090 p, TT 1040 p 
IIT 1195», LV 1560 w; tarsi with three strong subapical spurs, which on II and IV 
are longer than on II; all tarsi with caruncle and claws ; the anterior setae on 
coxae IT and III are strong and spur-like; all setae on legs distinctly ciliated. 
Chelicerae as figured, fixed finger with two strong subapical teeth and simple seta 
- (pilus dentarius), movable finger with two teeth, pulvillum with teeth-like setae. 


Text-Fic. 35 A-E.—Mesolaelaps thalacomys, Sp. NOV., os 
A, dorsum; B, ventral view; ©, chelicerae ; D, tarsus I; E, seta from Leg DV. 
Locality and Host: A single specimen from Thalacomys lagotis, Ooldea, South 
Australia, June 1922 (coll. T. H. J ohnston). Holotype in South Australian Museum 
Collection. 
Remarks : Except for the larger size and the thick stout spines on the anterior 
corners of coxae II and IIT this species is very close to M. australiensis Hirst. 
Genus AUSTRALOLAELAPS Nov. 


Laelaptid of rather small size, and oval in shape. Legs rather thick and short, 
shorter than body. Coxae armed. In female with sternal, metasternal, genito- 
ventral and anal shields separated but only lightly chitinized ; genito-ventral with 
four pairs of setae ; no metapodal shields. Stigma dorsal in line between coxae 
III and IV; no peritreme present. Dorsal shield oval, but not covering entire 
dorsum, with inner line but otherwise not reticulate. In male, ventral shields 
uncertain but probably all fused. Leg II thicker and stronger than rest, with a 
strong lobe-like sensory process on femur and a strong tarsal terminal claw. 
Chelicerae with a strong hooked spermatophore carrier slightly longer than movable 
chela. 

Genotype Australolaelaps mitchell, sp. Nov. 


562 H. WOMERSLEY : ON SOME NEW ACARINA—MESOSTIGMATA 


Australolaelaps mitchelli, sp. nov. (Text-fig. 36 A-E.) 


Description : Female : Small, oval, lightly chitinized species. Length of idiosoma 
442 1, width 300. Dorsal shield large, entire, not covering entire dorsum, with 
an inner line but no reticulations, furnished with ca. 50 strong spine-like setae 40 p | 
long. The stigmal opening is fairly large, situated dorsally, in a line between coxae 
III and IV. Ventrally: with tritosternum ; no pre-endopodal shields; sternal 4 
shields lightly defined ending posteriorly in mid-line of coxae III and with three 
pairs of long setae and two pairs of pores ; -metasternal shields ill-defined, but 
apparently large, triangular as figured, and with a strong seta and pore ; genito- | 
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Text-ric. 36 A-E.—Australolaelaps mitcheli, gen. et sp. nov. 
A-C, 9. A, dorsum ; B, ventral view ; C, chelicerae ; D—E, 3; D, chelicerae ; K, leg I. 


ventral shield as figured, drop-shaped but not much longer than wide, with four 
pairs of setae and fringed anterior; anal shield pear-shaped, large, about twice 
as long as wide, with the anus at the anterior third, paranal setae shorter and finer 
than postanal seta; no metapodal or peritremal shields; with 13 setae on each 
side of the genito-ventral and anal shields. Legs shorter than body, I and II rather 
thicker than TIT and IV; 1325p, long, II 286 wu, III 260 pn, IV 312; all tarsi 
with small insignificant paired claws, on I without caruncle, on II-IV with short 
caruncle ; coxae I with a strong inner backwardly directed posterior spur, and a 
small anterior outer one, coxae II with an anterior forwardly directed spur, and a 
smaller posterior spur; coxae III and IV with a smaller spur; genu and tibia of 
legs I and II with a small backwardly directed spur; genu of leg III with two such 
spurs and of IV with one. Chelicerae as figured with no teeth but hyaline lamellae. 


Male: As in female, but the ventral shields probably fused ; leg II thicker and 
stronger than the others, its tarsi with a strong terminal claw-like spine, slightly 
over-reaching the caruncle and claws: femur of leg II with a strong lobe-like 
apophysis, and in front of this a small thick spine ;_chelicerae as figured, movable 
finger with a strong apically bent hook-tip, over-reaching the fingers. 


Locality and Host: Twelve specimens, the holotype female, allotype male and 
ten paratype females, collected on a wallaby (Thylogale eugenii) on Greenly Island, 
South Australia, 7 to 16 December 1947 (coll. F. J. Mitchell) 
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Remarks: In the structure of the ventral shields, the genito-ventral with four 
pairs of setae, this species is close to the true species of Laelaps. It differs, however, 
in the dorsal stigmata and the absence of peritremes, and therefore appears to 
require a neW genus, for which the name Australolaelaps is proposed. 

This appears to be the first Laelaptid mite to be taken from any kangaroo or 
wallaby. The types are in the collection of the South Australian Museum. 


Genus HaEMoLAELapPs Berlese. 
Berlese, A., 1916, Redia, 6, 261. (Type Laelaps (Haemolaelaps) marsupialis Berlese, 1910.) 


Haemolaelaps megaventralis (Strandtmann, 1947). (Text-fig. 37 A-C.) 
Atricholaelaps megaventraiis Strandtmann, 1947. Proc. Ent. Soc. Wash., 49, 112. 
Haemolaelaps megaventralis Strandtmann, 1949, J. Parasit., 35 (4), 337, figs. 1-5, 16 and 24. 

This species has been very fully described and figured by Strandtmann. He 
records it from a fairly large number of birds and mammals in America, but considers 
that it has a “ decided preference for birds and tree-squirrels ”. It has been collected 
from mammals and birds in British Columbia, Montana, Colorado, Texas, Arkansas, 


Se 
Yili ou, 


KS 8, 
yee 


as 
~ Sa 
Se) ~. S 
SSS act 
a 7 


Texr-ria. 37 A-C.—Haemolaelaps megaventralis (Strdmn.), Qo 
A, dorsum; B, ventral view; C, chelicerae. 
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Florida, Georgia, South Carolina, Virginia, Ohio, and Pennsylvania, and has oe 
intercepted at Atlantic, Pacific and Gulf ports in America, in Mexico, Peru, je a 
Uruguay, Australia, Java, Granada, Italy, Portugal, Scotland, England, Hollan 
and Poland. A 

In February 1945 the present writer received a number of specimens, all females 
from a culture of silverfish in the laboratories of the Division of Entomology, 
C.S.I.R.O., at Canberra (coll. F. J. Gay). These have recently been studied and a 
comparison with specimens of megaventralis kindly given to me by Dr. Strandtmann, 
confirm their identification. In this regard Strandtmann’s record of its interception 
in material imported into America from Australia is of interest. 

Fresh figures of the female are here given for availability to Australian workers. 


Genus TRICHOSUROLAELAPS nov. 


Body strongly chitinized and oval in both sexes, but slightly constricted medially, 
widest on opisthosoma, indented at sites of posterior marginal setae in the female ; 
dorsal shield with long marginal setae, and very short discal setae. No pre-endopodal 
shields in female sex; metasternal shields present; genito-ventral shield flask- 
shaped, bearing a single pair of genital setae on small side arms, and surrounded by 
a narrow band of non-striated cuticle; anal shield long and pear-shaped with 
rounded anterior corners. Male with all ventral shields fused to form holoventral 
shield, not expanded behind coxae IV. All legs in both sexes short and stout, all 
coxae with strong spurs, leg I on all segments except tarsus with a strong spur. 
Tritosternum with 2-pointed processes basally, laciniae thick and weakly barbed. 
Peritreme basally thick, suddenly becoming a fine tube. 

Genotype T'richosurolaelaps crassipes, sp. nov. 


Trichosurolaelaps Ocrassipes, sp. nov. (Text-fig. 38 A-H.) 


Description: Female: A strongly chitinized brown species; idiosoma length 
586 pw, width 389; dorsal shield medially slightly constricted, length 480 u, width 
248 1, with 12 pairs of marginal setae from 28 » to 47 » long, and very small discal 
setae ; a row of setae to 52 u long between dorsal shield and lateral edge of idiosoma, 
posterior marginal setae to 68, long; sternal shield slightly broader than long 
with anterior margin noticeably convex, and posterior margin sinuous, almost 
straight, with three pairs of setae and two pairs of pores ; metasternal shields comma- 
. Shaped, with single long seta, pore placed off shield ; - genito-ventral shield flask- 
shaped with one pair of genital setae placed on side-arms anterior to greatest width 
of shield, anterior part of shield with long fibrils ; anal shield long and pear-shaped, 
with anus in anterior half and just behind level of bases of adanal setae, and slightly 
shorter than these setae, terminal seta more than twice as long as adanal setae ; 
all shields not reticulate; striated cuticle of venter with ten pairs of long setae. 
Legs short and stout, leg I 275 w long, II 217 p, III 198 ut, IV 268 pn, coxae I with two, 
coxae IT with two, coxae III with three, coxae IV with two stout spurs, trochanter IT 
also with small spine, all segments of leg I except tarsus with stout spur, tarsus III 
with a few slightly stronger setae, tarsus IV with several strong setae, all tarsi with 
well developed caruncle, claws, and pads. Tritosternum as above. Peritreme 
extending from just behind coxae III to just in front of posterior margin of coxae I, 
with rounded stigma and peritremal tube basally thick, narrowing suddenly to a 
fine tube ; peritremal shield narrow. Chelicerae rather small, fixed arm with small 
terminal hook and hyaline membrane, movable finger without teeth, and with 
larger hyaline membrane, which shows suggestion of teeth, as figured. 


Male: Smaller than female, and not noticeably constricted medially ; idiosoma, 
length 424 1, breadth 304; dorsal shield, length 384 1, width 200 1; holoventral 
shield with eight pairs of long setae and three pairs of pores in addition to the three 
anal setae, shield becoming constricted between coxae IV and again before anus ; 
anal part of holoventral shield oval; all shields with reticular markings ; genital 
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opening in front of sternal part of shield, which has a semicircular emargination 
anteriorly ; chelicerae small, fixed finger as in female, movable finger with one tooth 
but no hyaline membrane, spermatophore carrier slightly smaller than movable 
eae Legs 1257p, 11198, IIL 191, IV 242 long - other characters as in 
emale. 
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Trexr-ric. 38 A-H.—Trichosurolaelaps crassipes, gen. et sp. nov. 


A=F, ¢. A, dorsum; B, ventral view; C, chelicerae ; D, peritreme ; E, tristosternum ; F, tip of 
tarsus 1; G-H, g; G, ventral view ; H, chelicerae. 


Locality and Host: Seven females and two males collected on T'richosurus vulpe- 
cula Wellington, New Zealand, 21 September 1953 (coll. L. K. Whitton). The 
holotype female, allotype male and paratypes are in the collection of the South 
Australian Museum; two paratype females in the collection of the Institute for 
Medical Research, Brisbane. 
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Remarks : This species is unique in many features, noticeably the dorsal setation, 
the tritosternum, the peritreme, the male holoventral shield and the strongly spurred 
coxae and leg I. 

The probability that this species, like its host, is a native of Australia is confirmed 
by specimens in the collection of R. V. Southcott from : 

(1) the cadaver of an opossum from Sydney, New South Wales, December 1949 

(coll. D. J. Lee, ACC 236) ; 
(2) from an opossum, Wondecla, Queensland, 20 October 1943 (coll. R. V.S., 
ACC 152). 
Genus BLATTILAELAPS nov. 

Laelaptinae. Dorsal shield covering all the dorsum except at the shoulders, 
with short spine-like setae. Pre-endopodal and jugular shields absent. In female, 
sternal shield longer than wide with three pairs of setae ; metasternal shields present 
and well defined with seta; genito-ventral elongate, but not reaching anal, with 
one pair of setae; anal shield subrotund, with three setae. Legs relatively short, II the 
thicker ; coxae I with two stout ventral spines, II with one ; no metapodal shields ; 
chelicerae stout, fixed finger with numerous small teeth. Palpal seta 2-tined. Male: 
genital opening on front margin of sterno-genital shield which carries five pairs of 
setae and ends in a straight posterior margin at middle of coxae IV; ventri-anal 


shield large, widely expanded behind coxae IV, and with ten pairs of setae in addition | 


to anal setae ; legs as in female but setae on coxae I and II not strong and spine-like. 
Chelicerae as in female but movable finger with a stout spermatophore carrier about 
twice as long as chela. 
Type Blattilaelaps nawphoetae, sp. nov. 
Blattilaelaps nawphoetae, sp. nov. (Text-fig. 39 A-G.) 

Description: Female: Lightly chitinized. Shape broadly oval. Length of 
idiosoma, 430, width 325. Dorsal shield entire, and covering all the dorsum, 
except near the shoulders, furnished with ca. 44 pairs of short, 39 » long spine-like 
setae as figured. Venter: tritosternum present; no pre-endopodal or jugular 
shields, cuticle between base of tritosternum and anterior of sternal shield reti- 
culate ; sternal shield longer than wide ending at about three-fourths of coxae 
III, with three pairs of spine-like setae and two pairs of pores ; metasternal shiclds 
present, small but well defined and with spine-like seta; genital or genito-ventral 
shield long and narrow with fimbriated anterior, parallel-sided, lightly convex 
posterior margin and one pair of spine-like setae ; anal shield rounded but somewhat 
broadened posteriorly, separated from genito-ventral by a space equal to that from 
anterior of anus to anterior margin of anal shield, with three setae ; no metapodal 
shields, posterior of coxae IV with 15 pairs of spine-like setae of which only one 
pair lies between genito-ventral and anal shields; peritremal shields as figured. 
Legs short and thick with II the stoutest ; tarsi with caruncles, but only inconspi- 
cuous claws; coxae I with two stout spine-like setae, while there is one similar 
one on coxae III and IV ; leg I 292 u long, II 234 w, III 260 p, IV 292 ut. Chelicerae 
short and stout, as figured, movable finger with two strong blunt teeth, fixed finger 
with one strong blunt subapical tooth followed by five smaller ones. 

Male: Length of idiosoma 403 «4, width 325 p. Dorsally as in female, but the 
setae not so spine-like. Venter: sternal shield fused with genital, with five pairs 
of setae and reaching to midline of coxae IV with truncate posterior margin ; 
ventri-anal large and broadly expanded behind coxae IV occupying most of the 
ventral area, with 10 pairs of setae besides the anal setae, reticulate. Legs as in 
female but coxae with normal setae; I 300, long, IT 260, III 290 py, IV 292 uw 
Chelicerae as in female, but movable finger with stout spermatophore carrier about 
twice length of finger, and the secondary teeth on fixed finger more numerous. 

Locality and Host: The holotype male, allotype female, one paratype female and 
three paratype males, from a Blattid, Nawphoeta cinerea, Brisbane, 1948 (coll 
M. J. Mackerras). ; ; 
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Tpxt-Fic. 39 A-G.—Battilaelaps nauphoeti, gen. et sp. nov. 
eC oO) Ap dorsum > 3; ventral view; OC, chelicerae; D-G, 3; D, dorsum; E, ventral view ; 
F, chelierae ; G, tip of tarsus IV. 


Genus SCHIZOLAELAPS nov. 


f Laelaptid, with only two tines to specialized seta on palpal tarsus. Pre- 
- endopodal shields present in female, absent in male. No jugular shields. Sternal 


shield with three pairs of setae in female, fused with metasternal and genital 


- ghields in male and reaching as far as the middle of coxae IV, with two pairs of 
setae on the genital portion. Genital shield in female drop-shaped with a row 
of four setae. Anal shield enclosed within ventral shield ; in female the ventral 
shield small, roundish, with two short setae anteriorly in front of anal shield ; 
in male the ventral shield large, about half the width of body behind coxae 
IV, furnished with numerous setae, anal shield in posterior end. Dorsal shield not 
entirely covering dorsum ; in female sides almost parallel, apex somewhat truncate, 
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but lightly excavated ; in male rounded posteriorly ; in both sexes furnished with | 
many long to very long sinuate pubescent setae. Legs: in female I slightly thicker | 
than the rest ; in male II very stout and calcarate, with spur-like process on femur, | 


1 


IV also but not quite as stout as IT without spurs but with rounded bosses on femur | 
and tibia ; claws absent on all legs. Peritreme long with stigma between coxae IIT | 
and IV. Endopodal, exopodal, peritremal and metapodal shields fused and extending | 
broadly beyond coxae IV. Tectum a simple spike ; labial cornicle well developed, | 
tapering to a point. Styli strongly developed and curved inwards to tip of hypostome. | 
Mandibles stout, chelicerae with strong teeth, and movable finger in male with a 
long parallel-sided spermatophore carrier. _ All tarsi with caruncles and ambulacrum, | 
but without claws; some leg segments with long nude sigmoidal setae in female. | 

2 Genotype Schizolaelaps bolboceras, sp. nov. 

g Genotype Schizolaelaps armstrongi, sp. nov. 


Schizolaelaps bolboceras, sp. nov. (Text-fig. 40 A—-E.) 

Description: Female: A large well-chitinized species. Oval in shape with 
indistinct shoulders. Length excluding gnathosoma 1170, width 858 4; widest 
behind coxae IV. Dorsal shield not occupying the whole of dorsum; with almost | 
parallel sides, to just beyond tip of the fused endopodal peritremal and metapodal 
shields, where it is somewhat truncate and excavate ; it is 910 u long by 650 uw wide 
and is furnished as is the whole dorsum with numerous long to very long, 195 » to 


Text-Fic. 40 A-E.—Schizolaelaps bolboceras, gen. et sp. nov., 9. 
A, ventral view ; B, dorsum; C, apex of gnathosoma ; D, tectum; EH, chelicerae. 


500 » pubescent setae, the longer ones of which are sinuous. Ventrally the sternal 
shield is wider than long, 260 by 182 with three pairs of setae, 47 u, and the 
usual pores ; in front of the sternum is a pair of well-marked pre-endopodal shields ; 
both the sternum and pre-endopodal shields are not reticulate but finely punctate : 
the genital shield is distinctly separated from the ventral shield which is united 
with and embraces the anal shield ; the genital shield is drop-shaped, extends beyond 
coxae IV, is 260 » long by 182 4 wide and carries four setae in a transverse row on a 
level with the posterior end of cosae IV; the meta-sternal shields are distinct 
roundish and carry the metasternal setae and pores ; the ventral shield is smallish, 
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rounded, 227 in diameter, and embraces anteriorly the smaller anal shield with its 
usual three setae ; in front of the anal shield is a pair of short closely adjacent setae ; 
the peritreme is long, with the stigmata placed between coxae II and IV and its 
shield is fused with the endopodal and parapodal shields to form a large well-defined 
shield extending posteriorly to or beyond the apex of the genital shield ; between 
these shields the centre is furnished with ca. 60 stiff setae from 78 to 130, in length. 
Legs all slender, but I is somewhat thicker than the others; all tarsi with caruncle 
and ambulacrum but without claws; I 936 long, Il 728, II 871 py, IV 1040p; 
telo-femur and genu of I, telo-femur of II and genu and tibia of IV with long nude 
sinuous setae to 280 pu. 

Locality and Host : Holotype @ and five paratype females from a beetle Bolboceras 
sp. from Fletcher, South Queensland, 1946 (coll. J. Armstrong). In the collection 
_ of the South Australian Museum. 


Schizolaelaps armstrongi, sp. nov. (Text-fig. 41 A—D.) 

Description: Male: Somewhat larger than the female of S. bolboceras, sp. nov. - 
Shape broadly oval, strongly chitinized. Length 1430 p, width 1170p. Dorsal 
shield oval, rounded posteriorly and not occupying the whole of dorsum, 1400 w long 
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Texn-Fie, 41 A-D.—Schizolaelaps armstrongi, gen. et sp. Nov., d- 

A, ventral view; B, dorsum ; GC, apophysis on femur of leg II; D, chelicerae. 


by 1170 wide, furnished with numerous long setae from 130 long. Sternal, 
metasternal and genital shields coalesced, with three pairs of sternal, one pair 
of metasternal and two pairs of genital setae, the combined shield ends at about 
three-fourths of coxae IV and is separated from the large ventri-anal shield. The 
ventri-anal is rounded-triangular, rather more than half the body width and with 
numerous setae, to 104 » long, surface reticulate, it embraces the anal shield 
posteriorly ; anal shield with usual three setae, the adanal pair on level of anus. 
Legs : I and IV much thicker than I and III, I the stouter and armed on the femur 
with a stout spur dentate on inner margin ; IV with a round boss on the femur 
and tibia ; all tarsi without claws, but with ambulacrum and earuncle ; leg 1 1430p 
long, If 1300», IT 1300 p, IV 1755 ». Gnathosoma as m the female of S. bolbo- 
ceras sp. nov. Chelicerae stout, fixed finger with three strong teeth, movable 
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finger with only one strong tooth, and a long slender spermatophore carrier, 
Peritreme long with stigmata lying between coxae III and IV. Peritremal shield | 
fused with endopodal, “exopodal and metapodal shields and ending on a level | 
with coxae LV, narrower than in SN. bolboceras. : 

Locality and Host: A single male, the holotype, from Bolboceras proposcidium | 
from Hazelbrook, New South Wales, 1946 (coll. J. Armstrong). 

Remarks: That this male belongs to the same genus as the females of S. 
holboceras is quite obvious, in the structure of the epistome (tectum), hypostome, 
dorsal clothing, combined ventri-anal shields, and lack of claws. It was, at first, 
taken to be the male of bolboceras, but the fact that it was from a different host, 
and locality, combined with minor morphological differences, such as the very 
different shape of the dorsal shield, the reticulate and not pitted ventral shields, 
and the absence of pre-endopodal shields, all of which might be considered specific 
rather than generic, one seems fairly sure that it belongs to a second species of the 
genus. It is, therefore, described as distinct pending the finding of further material. 

The strongly developed ambulacra and absence of claws probably enable the mite 
to secure attachment to its host. 


n ih “a I) 
TeExt-rie. 42 A-C.—Rar ymentia anomala, gen. et sp. nov., @. 
A, dorsum ; B, ventral view ; C, chelicerae. 


Genus RAYMENTIA nov. 


Laelaptinae. Stigmata and i 
é peritreme dorso-lateral, short, peritreme onl 
extending just beyond coxae II, Specialized seta on palpal tarsus with two nel 
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_ Legs fairly stout, tarsi with caruncle and fairly strong claws. Ventral shields only 
lightly chitinized ; pre-endopodal and jugular absent ; sternal only well defined 
laterally, with two pairs of setae, the third pair being off the shield ; metasternal 
only represented by seta; genital or genito-ventral small, drop-shaped with one 
pair of setae ; anal small, triangular, well separated from genito-ventral, with three 
setae ; no metapodal shields. Chelicerae strong, movable finger with two strong 
teeth ; fixed finger with two teeth, and immediately below second tooth a pad-like 
process with a double series of fine hyaline teeth, which organ replaces the usual 
seta found in most Laelaptids. 
Genotype Raymentia anomala, sp. nov. 

In the dorsal or dorso-lateral peritreme this genus is unique amongst the 
Laelaptids, and closely approaches the Spinturnicidae. It is associated with native 
bees and is named after the collector Mr. Tarlton Rayment, the noted Australian 
hymenopterist. 


Raymentia anomala, sp. nov. (Text-fig. 42 A-C.) 

Description: Female: Lightly chitinized of rather narrow form, widest between 
-coxae II and III and then somewhat rapidly tapering. Length of idiosoma 900 p, 
width 520. Dorsal shield as figured, not entirely covering dorsum with ca, 35 
pairs of spine-like setae to 100-130 » long, shield 780 long by 480 4 wide. Venter : 
- tritosternum present ; sternal shield about as wide as long, with two pairs of setae, 
only the lateral portions well defined, the third pair of setae appear to be off the 
shield ; genito-ventral shield as shown with only one pair of setae; anal shield 
triangular, well separated from genito-ventral ; cuticle outside shield with 15 pairs 
of spine-like setae to 100 long. Legs: fairly stout, without any strong spines, 
including coxae ; leg I 900 long, II and IIT 780,, IV 900u. Chelicerae strong as 
figured, fixed finger with two strong subapical teeth, and in place of the seta usually 
found in Laelaptids with a hyaline pad just below the main tooth, which pad bears 
two series of fine teeth; movable finger with two strong teeth, end at its base the 
usual pulvillum. 

Locality and Host: A single specimen associated with native bees from Jameroo, 
New South Wales, 20 June 1950 (coll. Tarlton Rayment). 


Genus PRISTOLAELAPS nov. 

Female : Elongate oval, with undivided dorsal shield, entirely covering dorsum 
Palpal tarsus with 2-tined seta. Pre-endopodal shields present. Sternal shield 
longer than wide with three pairs of setae. Metasternal shields only represented 
by seta. Genital, ventral and anal shields coalesced, the combined shield widened 
~ behind coxae IV. Exopodal shields fused and extending widely behind coxae IV. 
_ Peritremal shield separated from exopodal by a narrow line of cuticle ; ending 
opposite coxae IV and with stigma between coxae III and IV. Legs slender, 
unarmed. 

Male : Unknown. 


Genotype Pristolaelaps tasmanicus , sp. Nov. 


Pristolaelaps tasmanicus, sp. Nov. (Text-fig. 43 A-E.) 

Description: Female: Shape an elongate oval. Moderately chitinized and 
_ yellowish in colour. Length of idiosoma 585 p, width 338. Dorsal shield entire, 
covering all the dorsum, lightly reticulate, with 23 pairs of fine setae. Venter : 
tritosternum normal; pre-endopodal shields present ; sternal shield longer than 
wide with deeply convex posterior margin ending on level between coxae III and IV, 

reticulate, with three pairs of setae and two pairs of pores ; metasternal shields 
represented only by a seta between coxae III and margin of sternal shield ; genital, 
ventral and anal coalesced, the combined shield flask-like, widest behind coxae IV, 
reticulate, with five pairs of fine setae in addition to the paranals ; a pair of elongate 
metapodal shields behind coxae IIL; expodal and peritremal shields as figured. 

39* 


| 
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Legs fairly slender, without special armature, I 442 long, Il 377, II 312 [ex 

IV 442; tarsi with caruncle, pad and paired claws. Tectum not observed. 

Chelicerae as figured, movable finger with two strong teeth, fixed finger with three 

to four teeth. | 
Male ; Unknown. 


TEXT-FIG. 43 A—E.—Pristolaelaps tasmanicus, gen. et sp. nov., 9. 


A, ventral view ; B, dorsum ; C, chelicerae ; D, caruncle and claws of leg I; E, specialized saet 
on palpal tarsus. 


Locality: Holotype and four paratype females in the collection of the South 
Australian Museum found on strawberry plants imported from Tasmania at the 
Burnley Plant Research Laboratory, Burnley, Victoria, June 1952. 

Remarks: In the coalesced genito-ventro-anal shield this Species shows some 
relationship to Ugandolaelaps Radford. In the latter, however, there is a distinct 
suture line where the ventral and anal shields are united. 


Subfamily Hypoasprprn ar Vitzthum. 
Vitzthum Graf, H., 1941, in Bronn‘s Klass, u, Ordnungen, 5 (4), Bk, 5, 
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Genus Hypoaspts Canestrini. 
Canestrini, G., 1885, Atti. Ist. Veneto (6), 2, 1569. (Type Laelaps kramert G. & R. Canestrini, 
1881.) 


Hypoaspis bandicoota, sp. nov. (Text-fig. 44 A—D.) 


Description: Female: Strongly chitinized, brownish species. Broadly oval 
in shape; length of idiosoma 1365, width 1015. Dorsal shield not completely 
covering dorsum, as figured, with 33 pairs of long, to 130 setae; surrounding 
cuticle with numerous shorter, to 65, spine-like curved setae; the posterior pair 
of setae on scutum rather longer to 156 w, and the anterior pair to 169. Venter: 
tritosternum present; no pre-endopodal or jugular shields; the space between 
base of tritosternum and anterior margin of sternal shield lightly reticulated ; sternal 


\ ve 
\ / 


Trxt-ric. 44 A-D.—Hypoaspis bandicoota, sp. nov., 2. 
A, dorsum; B, venter; C, chelicerae ; D, tectum. 


shield only a little wider than long, reticulated, with three pairs of setae and two 
~ pairs of pores, its posterior margin reaching to about one-third of coxae III, only 
slightly concave medially ; metasternal shields absent or else fused with the endo- 
podal shields, the seta being on the resultant shield, the pore off it ; genito-ventral 
shield small, drop-like, with fimbriated anterior and striate lines, and carrying only 
one, the anterior pair of setae, the other three pairs being definitely off the shield ; 
there are three small metapodal shields on each side behind coxae IV; anal shield 
long and pear-shaped, with the usual three setae ; between the end of the genito- 
ventral and front of the anal shield are only two pairs of setae ; venter otherwise 
with numerous more or less spine-like setae. Legs fairly long and slender although 
II the stoutest ; tarsi with fairly long caruncles and paired claws ; leg I 1040 p long, 
IL 870 p@ IIL 845 pu, IV 1170p; all coxae unarmed, the median seta on femur and 
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genu of leg I is much more ciliated (see figure) than are the dorsal setae. Chelicerae 
fairly stout, each finger with two teeth. Tectum (epistome) spine-like, although the 
spike is stout, as figured. 
Male : Unknown. 
Locality and Host: Numerous specimens from a bandicoot, [soodon obesulus } 
from Tamborine, Queerisland, 28 June 1951 (coll. M. J. Mackerras). The type and | 
paratypes in the collection of the South Australian Museum. 


Genus PERAMELAELAPS nov. 


Of Laelaptid facies but widest across opisthosoma and with only one pair of’ 
genito-ventral setae. In female with a boss-like process on all coxae, that on) 
coxae I bifid. 


Peramelaelaps bandicoota, sp.nov. (Text-fig. 45 A-C.) 


Description: Female: Lightly chitinized small species shaped as figured ; length | 
of idiosoma 545 4, width 350 1, widest behind coxae IV. Dorsal shield not covering 
entire dorsum, 273 » wide by 480 long, with ca. 34 pairs of fine spine-like setae to 
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TEXtT-FIG. 45 A-C.—Peramelaelaps bandicoota, gen. et sp. nov., 2. 
A, ventral view ; B, dorsum ; C, chelicerae 
ene except the posterior pair which are ca. 60 long; cuticle outside shield 
ongitudinally striated, with setae to 40 m# long. Venter without jugular or pre- 


arioda eras ; sternal shield wider than long with lightly sinuate anterior 
a b bosterion margins, posterior on level with middle of coxae III, with three airs 
of setae 52 long and two pairs of pores, lightly reticulate ; metasternal shi€lds only 
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represented by seta and pore in angle of endopodal shield ; genito-ventral shield 
flask-like with broad fimbriated anterior and rounded posterior, separated from 
anal by 18 u, width 97 », with only one pair of setae 32 4 long ; anal shield triangular 
with three setae, the adanal pair shorter than the postanal seta ; a lenticular long 
metapodal shield on each side; cuticle on each side of genito-ventral and anal 
shields with 12 setae to 40 long. Peritreme with stigma in line with coxae IV, 
running antero-ventrally to between coxae II and III and then becoming dorsal. 
Legs fairly stout, 1350 long, IH 325p, IIT 285 p, IV 325; coxae all with a 
small boss-like protuberance, that on coxae I bifid as figured ; tarsi with short stout 
caruncle and paired hooked claws. Chelicerae short, movable finger with two blunt 
teeth, fixed finger with a short seta subapically, as figured. Tectum not observed. 

Male : Unknown. 

Locality and Host: A single holotype female with egg from a bandicoot from 
Mt. Nebo, Queensland, 16 April 1953 (coll. E. H. Derrick) and eight other paratype 
females from Taringa, Brisbane, 7 October 1950 (coll. E. H. Derrick). The holotype 
and four paratypes in the South Australian Museum collection, four paratypes in 
the Institute for Medical Research collection, Brisbane. 

Remarks: The new genus Peramelaelaps 1s closely related to Ophadilaelaps 
Radford, 1947 (Proc. Zool. Soc., Lond. 117 (1), 237) with O. imphalensis Radford, 
1947 as type and also containing O. piger (Berlese, 1918) both from snakes. 

Peramelaelaps differs from Ophidilaelaps in that there is only a single short 
stumpy bifid spine on coxae | and that coxae II, III and IV each have a simple 
boss, whereas in Ophidilaelaps there are two bifid spines on coxae I and one on 
coxae II and III. Further the sternal shield is very short with deeply concave 
posterior margin, and only two sternal setae in Ophidilaelaps whereas in Pera- 
melaelaps it is deep, with sinuous posterior margin and three pairs of setae. In 
Ophidilaelaps the genito-ventral shield is widely separated from the anal shield 
with the adjacent setae well separated therefrom; in Peramelaelaps it almost 
reaches the anal shield and the adjacent setae are almost touching the margin of 
the shield. 

In the genus Neoparalaelaps Fonseca, 1935 (=Paralaelaps Fonseca, 1932), with 
N. bispinosa (Fonseca) as type, from cavies from South America, only coxae I and II 
have bifid spines. 


Genus ANDROLAELAPS Berlese. 
Berlese, A., 1903, Zool. Anz., 27,14. (Type Laelaps hermaphrodita Berlese, 1887.) 


Androlaelaps hermaphroditus Berl., 1887. (‘Text-fig. 46 A-C.) 
Laelaps (Iphis) hermaphrodita Berl., 1887, A. M. S. Ital., fase. 40, no. 6. 
Androlaelaps hermaphrodita Hull, 1925, Ann. Mag. Nat. Hrst. (9), 15, 208, pl. xviii, fig. 17; 

Turk, 1946, 2bid. (11), 12, 805. 

This, the type species of Androlaelaps was originally described by Berlese from 
Rome, from plant material. In 1904 in defining the subgenus Androlaelaps, with 
Laelaps hermaphrodita as type, he inserted ‘ vagans’ ? after hermaphrodita, evidently 
~ being doubtful as to its being a free-living species. J. E. Hull recorded it from two 
localities in Northumberland, England, in 1925, but did not state the habitat. In 
1946, F. A. Turk recorded it from North Bull, County Dublin, Treland, in the nest 
of Apodemus sylvaticus sylvaticus (L.). This appears to be the first record of its 


association with rodents. 

Amongst miscellaneous mite material from the Pacific Islands received during 
the second World War, were specimens which -eannot be separated from the 
descriptions and published figures of hermaphrodita Berl., and they are, herewith 
recorded as that species. Figures of the ventral surface, second leg and chelicerae 


are given. 
The localities and hosts are as follows : 
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Text-ric. 46 A-C.—Androlaelaps hermaphroditus (Berlese) 9°. 
A, ventral view ; B, chelicerae ; C, leg IT. 


Buna, New Guinea, on rat, January 1944 (coll. J.D. Hicks) one Qspecimen. Fins- 
chhaven, New Guinea, on rats, 29 November 1944 (coll. C. B. Philip) five 9 specimens. 

Remarks : Tt would seem probable that the occurrence of this European species 
is an introduction to New Guinea on the introduced rat. 


Androlaelaps armstrongi, sp. nov. (Text-fig. 47 A-E.) 


Description: Female: A large strongly chitinized species, of oval shape, with 
only slight indications of shoulders anteriorly. Length excluding gnathosoma 
1300 », width across widest part in line with coxae IIT, 845. Dorsal shield not 
covering whole of dorsum, oval in shape and broadly rounded posteriorly, reaching 
almost to anterior margin of anal shield; with about 50 to 60 setae, 78 to 100 pu 
long. Ventrally, no pre-endopodal plates, between coxae I a pair of short thick 
spines, which might be pre-endopodal setae ; sternum about as wide as long, 266 
long by 221 » wide, anterior margin concave, posterior margin convex and reaching 
just past junction of coxae II and III, with reticulated surface and the usual three 
pairs of setae and their associated pores, sternal setae 52 long. Metasternal 
shields long and narrow but with the seta and pore off the shield on the inside. 
Genito-ventral shield flask-shaped, rather small, reticulate, with one pair of marginal 
setae at about one-third from apex, posterior margin medially rather flattened, 
placed well apart from the anal shield, flanked apparently only by one elongate 
small metapodal plate. Anal shield triangular, reticulate, with the usual three setae, 
the adanal pair being in line with posterior point of anus; posterior of genito- 
ventral about 14 setae to 52 long; all setae simple and nude. Legs: IL stronger 
than rest, and armed with strong thick spines, a pair on femur, a pair on genu, and 


FROM AUSTRALIA, NEW ZEALAND AND NEW GUINEA 577 


one not so stout on tibia ; other legs with normal setae, and without stronger thick 
spines on tarsi ; legs I 1235p long, 111105, HT 1170p, IV 1320p. Peritreme 
_ long, with stigmata between trochanters of leg III and IV. Labial cornicles strongly 
chitinized. Chelicerae ; fixed-finger with three strong teeth basally, then a number 
(5 or 6) small serrations, and a short seta ; movable finger with two strong teeth. 


Trexr-ric. 47 A-E.—Androlaelaps armstrongi, sp. nov., &. 
A, ventral view; B, dorsum; C, labial cornicles ; D, chelicerae, H, leg 10. 


Type: Holotype female and one paratype female in the collection of the 
South Australian Museum, collected on a beetle from Acacia Plateau, New South 


Wales (coll. J. Armstrong). 


Androlaelaps queenslandicus, Sp. Nov. (Text-fig. 48 A-C.) 

Description: Female : A rather small species; lightly chitinized. Length 
650 w, excluding gnathosoma ; width 338 4. Shape elongate, rounded with hardly 
perceptible shoulders anteriorly, widest in line of coxae II, then sides converging 
to the rounded posterior. Dorsal shield, 585 long by 3254 wide, not entirely 
covering dorsum, tapering posteriorly, and reaching to about level of apex of anal 
shield, furnished with ca. 46 setae, which are longer on posterior margin to 45 
long. Ventrally : no pre-endopodal shields, sternum longer than wide, 182 » by 
156 pw, furnished with three pairs of setae, 45 long with their accompanying pores ; 


metasternal shields long and narrow with the metasternal setae on the inside and 


i 

| 

| 
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off the shield ; genito-ventral shield, 130 1 long by 78 » wide, gradually narrowing} 
to the rounded apex, and with one pair of setae on level of coxae IV; two elongate» 
narrow metapodal shields on each side behind coxae IV; anal shield pear-shaped, | 
with the usual three setae, the adanal pair on level of anus; behind coxae IV with) 
24 setae, of which three flank the genito-ventral shield on each side; in front of 
the sternal shield the cuticle is finely pitted and not reticulate ; all ventral shields | 
lightly reticulate. Legs: I long, 650, thinner than the rest, and furnished with 
normal setae, II slightly stouter than any of the other legs, 585 1 long, on femur with. 


TEXT-FIG, 48 A-C.—Androlaelaps queenslandicus, sp. nov., 9. 
A, ventral view ; B, dorsum ; C, leg II. 


a stout spine, and one thick spine-like seta, similar thi ine-li 

| stout , seta, ck spine-like setae on genu 

ee sie and also on tarsus, but the apical three spines are thick and spun leg 
O7 wu long, IV 754. & both with normal setae and some thicker spine-like setae g 


all tarsi furnished with rather short ¢ 1 i 
1 at ‘ / caruncles and paired claws. 
with the stigma between coxae ITT and TVA a eh ati a 


Locality: A single female, leaf debris, Taring : 
January 1949 (coll. E. H. Derrick). eimai aoe 3° 


Remarks: A ly a -living species : ; 
eee Musee a free-living species. Type in the collection of the South 
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Androlaelaps concisus, sp. nov. (Text-fig. 49 A-G.) 
Description: Female: (Text-fig. A-D.) A medium large elongate-oval species, 
_ well chitinized, bluntly rounded apically and caudally, slightly more acute apically 
with sinuous outline forming slight shoulders. Length excluding enathosoma 
754 4, width across widest part in line of coxae III, 507 p. Dorsal shield not entirely 
covering dorsum, widest in line between coxae II and III and then the sides con- 
verging to level of anus, where it is broadly rounded (fig. B), with about 50 setae, 


Trxr-Fie. 49 A-G.—Androlaelaps CONCISUS, SP. NOV. 


A-D, @: A, ventral view ; B, dorsum; C, leg IT; D, caruncle and claws of leg I; E-G, d; 
B, venter; F, leg Il; G, chelicerae. 


the anterior ones of which are to 65 long, those on the body surface to aa 
Ventrally : pre-endopodal shields absent; with lightly reticulate as oe : 
195 pw long by 163°5 uw wide, with slightly concave anterior margin and the boson 
margin broadly rounded except that it is slightly concave in the middle, the Done 
end is on level with posterior quarter of coxae II; with the usual three Lear 
sternal setae and their respective pores, these setae 52 long. Metasternal shields 
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long and narrow, with the pore and seta inserted off and inside of the shield. Anterior 
of the sternal shield the cuticle is also lightly reticulate. Genito-ventral shield 
182 » long by 104 wide, as figured (fig. A), lightly reticulate, broadest on level of | 
posterior line of coxae IV, flask-shaped, with one pair of setae on level of midline | 
of coxae IV ; widely separated from anal shield ; flanked on each side by four small 
elongate metapodal shields and two setae. Anal shield pear-shaped, 110 » long by 
71 « wide, lightly reticulate with the paired setae in line with anus. All setae simple 
and nude. Legs: I 741 long, and slender with normal fine setae 3 Il thick 
632 « long, with strong spines on femur (1), genu (1), tibia (2), and tarsi (5) as figured | 
(fig. C.); legs II and III more slender, 585 p and 845 pe respectively, and also with 
strong spines on femora, genu and tibia ; tarsi furnished on all legs with fairly long 
caruncle and paired claws. Peritreme long, with the stigmal pore lying between 
coxae III and IV. Chelicerae well chitinized, the fixed chela with two teeth and 
the movable chela with one tooth, no process apparently on’ the inner side of fixed 
chela. 

Male: (Text-fig. E-G.) Smaller than in female : 520» long and 338 w wide, 
otherwise similar. Holoventral shield, as figured (fig. E.), expanded behind coxae 
IV, then tapering to include anus, lightly reticulated with the usual pairs of sternal 
setae. Legs: asin female, with similar strong spines on leg IL ; 1 540 long, I 494 p, 
IIT 468 », IV 663. Fixed chela with two teeth, movable chela with one tooth ; 
spermatophore carrier thick and only slightly over-reaching tip of chelae. All 
setae simple and nude. 

Types: Holotype female and allotype male, and three paratype females, on 
Begonia bulbs, along with Rhizoglyphus echinopus, imported from Holland and 
intercepted at Perth, Western Australia, April 1953, in the collection of the South 
Australian Museum. Several other paratypes in the Department of Agriculture, 
Perth, Western Australia. 


Remarks : Being found associated with the European bulb mite, Rhizoglyphus 
echinopus, it might have been expected that it would be a European species also. 
However, it differs in many respects, such as the armature of leg III from all the 
Species that have, so far as I can ascertain, been described from Europe, viz. A. 
hermaphrodita Berl., 1887, A. karawaiewi Berl., 1903, A. sardous Berl., 1911 and 
A. pilifer Ouds., 1914. It is therefore described as a new species. 


Genus CosMoLAELAPS Berlese. 
Berlese, A., 1903, Zool. Anz., 27,13. (Type Laelaps claviger Berlese, 1883.) 


Cosmolaelaps scimitus, sp. nov. (Text-fig. 50 A-F.) 

Description: Female: Shape oval. Lightly chitinized and light brown in 
colour. Length of idiosoma 624 #; width 390. Dorsal shield entire, extending 
right across dorsum at shoulder level then tapering to a rounded end near apex of 
opisthosoma, with hexagonal to imbricate reticulations, with 40 pairs of spathulate 
setae to 33 u long as figured. Venter: tritosternum present, normal ; no pre-endo- 
podal shields ; sternal shield as figured slightly wider anteriorly than long, anterior 
angles strongly produced in front of coxae If. anterior margin concave, posterior 
margin medially produced in a rounded process, with three pairs of setae and 
two pairs of pores ; metasternal shields represented only by seta and pore ; genital 
shield long and drop-shaped, widely separated from anal, with one pair of setae ; 
ventral shield absent ; anal shield pear-shaped with the three paranal setae: a 
round metapodal shield behind coxae IV, on cuticle of opisthosoma six pairs of 
setae, the anterior three pairs simple, the posterior three pairs as on the dorsum ; 
stigma between coxae III and IV, the peritremal tube running onto dorsum on level 
of coxae II. Legs long and slender. [ 624 u long, IT 5204, III 390 pu, IV 580 [L. 
Chelicerae as figured, fixed finger with three small teeth, movable finger with two. 
Tectum as figured, with median mucro and on each lateral angle two small denticles. 

Male : Unknown. 
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Texr-Fic. 50 A-~F.—Cosmolaelaps scimitus, sp. nov., 9. 
A, ventral view; B, dorsum; C, chelicerae; D, tip of palp; E, dorsal seta; F, tectum. 


Locality : This species is described from five females from Rattus concolor from 
Sansapore, Dutch New Guinea, 30 November 1944 (coll. C. Mohr.). Holotype and 
paratypes in the collection of the South Australian Museum. Also two specimens 
from Rattus norvegicus from Herston, Brisbane, 3 December 1950 (coll. E. H. Derrick) 
in collection of Institute for Medical Research, Brisbane. 


Genus GyMNOLAELAPS Berlese. 
Berlese, A., 1916, Redia, 12,170. (Type Laelaps myrmecophilus Berlese, 1892.) 


Gymnolaelaps australicus, sp. nov. (Text-fig. 51 A-C.) 

Description: Female: Shape ovoid. Only lightly chitinized. Length of idio 
soma 585», width 420. Dorsal shield entire, covering the whole of the dorsum 
except for a narrow strip of cuticle running from the shoulders and round the posterio 
end, reticulate, with ca. 32 pairs of long 72 setae. Venter: cuticle between bas 
of tritosternum and sternal shield reticulate ; pre-endopodal and jugular shields 
absent ; sternal shield reticulate, wider than long with three pairs of longish setae: 
and two pairs of pores, posterior margin deeply concave ; metasternal shields only; 
represented by seta and pore; genito-ventral shield flask-shaped, unexpande 
behind coxae IV but not quite reaching anal shield, with longitudinal and transverse: 
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TEext-Fia, 51 A~C.—@ymnolaelaps australicus, sp. nov., 9. 
A, dorsum; B, ventral view; (C, chelicerae. 


striations, and with only the anterior pair of setae actually on the shield, of the other 
three pairs the first two situated just outside margin, the posterior distinctly SO ; 
anal shield roughly triangular with straight anterior margin and convex sides, 
and with the usual three setae; posterior of coxae IV on each side an elongate. 
lenticular metapodal shield and in front of this a minute roundish shioldiees on 
the cuticle behind coxae IV, ca. seven pairs of long setae 524, the posterior pair 
584 long. Legs fairly slender with II not much thicker than rest ; coxae aa 
leg IT without specially strong spines ; all tarsi with caruncles and claws : leg I 585 
long, II 3904, IIT 3904, IV 560. Chelicerae rather long and slender as figuise ae 
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movable finger with two blunt teeth, fixed finger also with two teeth and short simple 
seta (pilus dentarius). 


Male: Unknown. 


Locality : Holotype and seven paratype femaies from garden soil at Glen Osmond, 
South Australia, March 1933 (coll. H. W.). 


Remarks : Possibly associated with ants in the soil, as are the European species 
of this genus. 


It can be distinguished from the other and following species as in the key. 


Gymnolaelaps planus, sp. nov. (Text-fig. 52 A-D.) 


Description : Female: Shape oval. Only lightly-chitinized. Length of idiosoma 
480 n, width 365 x. Dorsal shield reticulate, covering entire dorsum and undivided, 


Text-FiG. 52 A-D.—Gzmnolaelaps planus, sp. Nov. 
A, ventral view; B, dorsum ; C, chelicerae ; D, dorsal seta, 


E-H.—Gymmnolaelaps vitzthumi, sp. noy., 9. 
E, ventral view ; F, dorsum ; G, chelicerae, 
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with ca. 30 pairs of curved simple setae to 52 long. Venter : pre-endopodal and 
jugular shields absent; base of tritosternum close to anterior margin of sternall 
shield : sternal shield wider than long, reticulate with three pairs of setae and two 
pairs of pores, posterior margin concave and corners on level with midline of coxa 
III ; genito-ventral shield large drop-shaped and posteriorly reaching to anal shield 
with one pair of setae on the shield, and three others only just off the shield ; anal 
shield triangular and with the usual three setae ; metasternal shields only represented! 
by the setae ; two metapodal shields on each side behind coxae IV, the outer beings 
elongate-lenticular, the other small and circular ; peritremal shields as figured ;; 
cuticle posterior of coxae IV with ca. 11 pairs of setae. Legs not longer than body; 
with II rather stouter; I 430 long, II 325, III 300p, IV 390; all tarsi wit 
caruncles and claws; leg IJ and all coxae without special armature. Chelicerae as 
figured, movable finger with two strong teeth, fixed finger with three teeth and) 
simple seta (pilus dentarius). 

Male : Unknown. 

Locality : Two females from moss, Mylor, South Australia, 27 June 1948 (coll. 
G. F. Gross). 

Remarks: The species of Gymnolaelaps are generally considered to be myme- 
cophilous, and the occurrence of this species in moss was also possibly associated | 
with ants. The holotype and paratype in the South Australian Museum collection. . 


Gymnolaelaps vitzthumi, sp. nov. (Text-fig. 52 E-H.) 


Description: Female: Shape oval. Lightly chitinized. -Length of idiosoma: 
455 uw, width 390. Dorsal shield covering entire dorsum except for a narrow’ 
strip of cuticle, posteriorly reticulate, with ca. 30 long fine setae to 52 uw long, except 
that two on each side anteriorly, a posterior and a subposterior pair and some of the: 
marginal setae are ciliated on the distal two-thirds. Venter: no pre-endopodal or’ 
jugular shields ; base of tritosternum not close to anterior margin of sternal shield ;_ 
sternal shield wider than long, lightly reticulate, with three pairs of setae and two) 
pairs of pores, posterior margin concave with corners on level of midline of coxae III ; 
metasternal shields only represented by the seta; genito-ventral shield rather | 
widely expanded behind coxae IV then rather abruptly contracting to rounded 
posterior which almost touches anal shield ; anal shield triangular with three setae ; 
three metapodal shields on each side behind coxae IV the largest of which is elongate- 
lenticular and close to margin of genito-ventral, the two small shieldlets are round 
and one placed close to the largest, the others somewhat posterior thereto ; peri- 
tremal shields as shown ; apart from the setae above mentioned there are four pairs 
of setae on the cuticle, the anterior two pairs of which are shorter and simple, the 
more posterior pairs are longer and ciliated. Legs relatively short, II the stoutest 
I 455 u, IL 285, IIT 285, IV 390 long; all tarsi with caruncles and claws ; 
leg II and all coxae without special armature. Chelicerae as figured, movable finger 
with two small subapical teeth, fixed finger with five small teeth and short seta 
(pilus dentarius). 

Male : Unknown. 


coenae ds ee female from Taringa, South Queensland, 29 January 1949 
Remarks : In the collection of the South Australian Museum. 
Gymnolaelaps annectans, sp. nov. 
This species is described elsewhere in a paper* dealing with the Mite 


Fauna of Mutton-bird Nests from material collected on Fisher Island, Bass Strait 

Tasmania. ; ] 
The species is, however, not restricted to such a habitat, f i 

; , not res 0 » for T ; 

from Queensland as follows : nak SS 


* The Acarine Fauna of Mutton-birds’ Nests ral J 7 
ABE U aos ae irds’ Nests on a Bass Strait Island.’’ Womersley, H. 1955, 
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| Eleven specimens from Taringa, 14 October 1950 (coll. E. H. Derrick). Two 
from Mt. Tamborine, 14 April 1953 (coll. E. H. Derrick). 


The first lot were from Rattus rattus and the second were collected on cards placed 
in the scrub. 


Key to the Four Australian Species of Gymnolaelaps. 9 9 


1. Dorsal shield with fairly strong imbricate reticulations...... 2 
Dorsal shield plain or with only indistinct markings. Dorsal 
setae long and simpler s.-.. sce cele cee es eee stv ee 3 


2. Dorsal setae long and tapering, straight, simple, except pos- 
teriorly and laterally. Genito-ventral shield wider and 
angulate laterally behind coxae IV. Fixed finger of cheli- 
CEMA WALI Mahe Weleull Galo Rodents © sung od comp ooee comodo G. vitzthumi, sp. Nov. 
Dorsal setae shorter, curved and all simple. Genito-ventral 
shield not so wide behind coxae IV, with rounded sides. 


Fixed finger of chelicerae with three teeth ............-. G. planus, sp. nov. 
3. Sternal shield with concave posterior margin. Ventral setae , 
of genito-ventral shield only just on margin of shield ...... G. australicus, sp. nov. 


Sternal shield with straight posterior margin. Ventral setae 
of genito-ventral shield distinctly on shield and within margin G. annectans, sp. NOV. 


Genus CoLEOLAELAPS Berlese. 
Berlese, A., 1914, Redia, 10, 141. (Type Laelaps (Iphis) agrestis Berlese, 1887.) 


Coleolaelaps tinteger (Berl., 1911). 
Coleolaelaps integer (Berl., 1911). (Text-fig. 93 A-H.) 


Laelaps (Hpoaspis) integer Berl., 1911. Redis, 7 (1), 186. 
Coleolaelaps integer Berl., 1914. Redia, 10, 142; Willmann, 1935. Bull. Mus. roy. hist. nat. 

Belg. 11 (29), 23, figs. 14-16. 

Coleolaelaps integer was described by Berlese from Lamellicorns (Oryctes nasicornis) 
and Willmann recorded it from Poecilochirus necrophori from Belgium. 

In 1946, R. A: Lever sent me a number of mites taken from Oryctes rhinoceros 
+n Western Samoa, 7 January 1946. On examination these were provisionally 
identified as a species of Coleolaelaps. I have now been able to study this material 
in detail, and for comparison with Willmann’s excellent figures, I give the following 
drawings made from the Samoan specimens. ees 

While these specimens appear to agree with the European species in the general 
features of the ventral plates and the dorsal setae, as well as size, there are a few 
minor differences which may indicate that they are a different form. In Willmann S 
fig. 15, the posterior margin of the sternal shield is shown as concave, which it is not 
in the Samoan material. Then again the space between the anal and genito-ventral 

“shields is greater than in integer from Belgium. 

In his momentous work of 1940-1942 on the Acarina, in Bronn’s Klassen und 
Ordnungen des Tierrerchs, Vitzthum separates the genera of the Laelaptidae into 
three subfamilies, the Hyletastinae, Hypoaspidinae, and Laelaptinae ; the first of 
these is separated on the lancet-shaped projection of the tectum (epistome), this 
being continuously rounded or serrate in the other two subfamilies. Coleolaelaps 

is placed by Vitzthum in the Hypoaspidinae and the tectum of agrestis as figured by 
Berlese (loc. cit.), is broadly triangular and serrate, not lancet-like. As far as I know, 
the tectum of integer has not been figured or noted. In the Samoan specimens 
it is long and lancet-like (see fig. E) and while these certainly belong to Coleolaelaps, 
it would seem that the separation of the Hyletastinae on this character is not so 
sure. At least three species (if not all except integer) placed in Coleolaelaps, including 
the types, are characterized by having the dorsal scutum strongly notched on each 
side. These are agrestris (Berl., 1887), campestris (Berl., 1887) and inopinatum 
(Grandi, 1925). It appears therefore. that anteger in the entire, unnotched dorsal 
shield, and the long lancet-like tectum does not entirely conform to Berlese’s 
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Coleolaelaps, and should in all probability be placed as the type of a new genus, to 


include also lizert Berl., 1914. ; 
+ late of the tectum it should be placed in the Hyletastinae, rather than) 


the Hypoaspidinae. | 
I 


Trext-Fi¢, 53 A-H.—Coleolaelaps ?integer Berl. 
A-E, 2: A, ventral view; B, dorsum ; C, gnathosoma from below ; D, chelicerae; E, tectuin ; 
F-H, ¢; F, ventral view; G, dorsum ; H, chelicerae. 4 


Coleolaclaps simplexans, sp. nov. (Text-fig. 54 A-D.) 

Description : Female: Shape oval. Of small size and poorly chitinized. Length 
690 4, width 455 u. Dorsal shield not entirely covering dorsum, shaped as figured, 
650 long by 416 4 wide, furnished with long setae which are to 90 long. Ventrally : 
no pre-endopodal shields ; sternal shield wider than long, 182 » by 130 p, with three 
pairs of setae and their pores, posterior excavate with irregular margin; meta- 
sternal shields only represented by the seta; genito-ventral shield drop-shaped, 
reticulate, reaching to midway between posterior margin of coxae IV and anterior 
margin of anal shield, with a single pair of setae just on the shield and in line with 
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‘posterior margin of coxae IV; anal shield as figured, well separated from tip of 
genito-ventral, with three setae, the adanal pair in line with anus and only half the 
length of apical seta. Legs all long and slender, without processes or spurs, I 715 
long, II and III 624y, IV 8704p, all tarsi with ambulacra and indistinct claws. 
Peritreme long, with stigma between coxae III and IV. Chelicerae as figured. 
“movable finger with two teeth, fixed finger with one tooth, and indistinct serrations, 
Tectum (epistome) long and lancet-like. Hypostome as in other species. 


Trext-Fia. 54 A-D.—Coleolaelaps simplexans, sp. nov., 9. 
A, ventral view ; B, dorsum ; C, chelicerae ; D, tectum. 


} s from a scarab 
Locality and Host: The holotype female and five paratype females 
ea eat Plateau, New South Wales, April 1946 (coll. Davidson). In the 
‘collection of the South Australian Museum. 


Coleolaelaps ewpatort, sp. Nov. (Text-fig. 55 A-F.) 


‘ntion: Female: Fairly strongly chitinized and light brown in colour. 
| Foe oval. Length of ous 1100 2, width 650 p. Dorsal scutum gee 
the whole body except for a narrow strip posteriorly, with light ee AN ee kings 

as figured ; setation as shown, postero-laterally on scutum and on apex of ak aes 
with a pair of very long setae to 520. Ventrally: tritosternum aa me : ong 
nude base, and ciliated lacinia ; no pre-endopodal or jugular shields ; cutic ‘i | i lee 
pases of tritosternum and anterior of sternal shield reticulated ; oe s is . a 
“little wider than long, posterior margin not concave and reaching eNOS fe us ie 
of coxae III, with three pairs of strong setae and two pairs of pores ; i . oe 
only represented by a seta ; endopodal shields distinct ; eae ral sl us : 
os drop-shaped not reaching anal shield with fimbriated anterior, an a ae oe 
setae ; two small metapodal shields behind coxae IV on each side : ae : ie Sleds 
the usual three setae, rather rounded in shape ; on cuticle behind al easy a 
of setae ; peritreme without aa eer ee, a Beg ee Sandie et oo 
E <i icles as figured. Tectum medially b -like, 
' Focal Be ae ch he teeth. Mandibles, with strong chelae, the es He 
finger with two strong teeth, the fixed finger with three small teeth and in aoe 
i: Piece with minute serrations, with a short simple pilus denticularis, o A villus 
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present at base of fixed finger. Legs: fairly long and slender, but II rather stouter 
I 1065p long, I 845 yy, IIL 910 pn, IV 1234; tarsi with caruncle and paired cla 
as figured ; coxae unarmed ; femur of legs II, III and IV with a long flexible seta 
on IT 130 long, on III 260 » and on IV 390 pu long. 


} 
Jaw BST 
\AA ay 
es SET 


Trext-Fie. 55 A—~F.—Coleolaelaps eupatori, sp. nov., 9. 
A, dorsum; B, ventral view; C, chelicerae; D,.tectum; E, apex of gnathosoma from below. 
tip of tarsus IT. 


Locality and Host : Described from the holotype female and ten paratype females 
from a large Dynastid beetle, Hupatorus australicus, from Brisbane, December 195( 
(coll. M. J. Mackerras). 

Remarks : Rather a large chitinized species of Coleolaelaps easily distinguishec 
by the dorsal setation, and the character of the epistome or tectum. 


Coleolaelaps rhopaea, sp. nov. (Text-fig. 56 A-F.) 

Description : Female: Large species, fairly well chitinized, of oval shape. Length 
1235 », width 680, usually much wider when gravid. Dorsal shield not entirely 
covering dorsum, widest 650 in line with coxae IT, length 1040p, sides tapering 
from widest part but the apex with a slight median protuberance ; setae mainly 
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long to 200 long. Ventrally : no pre-endopodal shields, sternum wider than long, 
234 1 by 195, with three pairs of sternal setae and their accompanying pores, 
posterior margin lightly concave, cuticle in front of sternal shield and shield 
reticulate ; metasternal shields not defined, only represented by seta; genito- 
ventral shield drop-shaped, 300» long by 143 » wide, with one pair of setae in line 
with posterior margin of coxae IV, but slightly off the shield ; anal shield well 


Taxr-ric. 56 A-F.—Coleolaelaps ED nov. 
- ; tral view; B, dorsum ; C, chelicerae ; , tectum ; 
ee ; F, chelicerae. 


Hanes i, venvers; 


7 separated from genito-ventral, with the usual three setae, the adanal bs a line 

with anus ; cuticle between genito-ventral and anal Es with 30 cee : ae shie 
i a s long as the others. Gnathosoma as in U. 

Pee Seton I ike: chelicerae with two strong teeth on 

j Samoa; epistome long and lancet-like ; chelicerae g ti 

at heer Lae smaller tooth and some fine serrations on fixed finger. Legs 


long and slender, with caruncle and ambulacrum and indistinct claws, leg Il only 
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slightly thicker than others, without spurs or processes; I 1105 long, Il 1065 
III 1079 w, IV 1430. Peritreme long, stigmata between coxae III and IV. 

Male: Shape much as in non-gravid female. Length 1100p, width 560 
Dorsal shield shaped as in female, furnished with similar long setae. Ventrally 
the sternal, genital and ventral shield fused, tapering from line between coxae I 
and III to between coxae IV then more or less drop-shaped, as in the female genito) 
ventral ; the resulting holoventral shield with only three pairs of sternal setae: 
and one pair of genital or genito-ventral setae which are practically off the shielcy 
in line with posterior end of coxae IV; metasternal shield not differentiated but 
represented by the metasternal setae which are not on the holoventral shield | 
anal shield and rest of venter as in female. Chelicerae furnished with thie 
spermatophore carrier. Legs as in female, unarmed, I 1040 long, II 980, I] 
1040 pw, IV ? 

Locality and Host: The holotype female and allotype male and ten paratyp 
females from larvae of Rhopaea magnicornis, Broken Hill, New South Wales, 194 
(coll. C. Chadwick). In the collection of the South Australian Museum. 


Genus SCARABASPIS nov. 


Hypoaspidinae. The male genital orifice situated distinctly in front of anterior: 
margin of sternal shield. Ventral shield absent in both sexes, or else fused with 
genital. Dorsal shield entire. Tectum (epistome) trident-like apically as figured. . 
Legs rather short, tarsi with caruncles and claws. In female sternal shield longer ° 
than wide, reaching posteriorly to middle of coxae IV ; genital drop-like with: 
fimbriated anterior and one pair of setae ; anal shield triangular with usual three setae : 

Genotype S. aspera, sp. nov. 


Scarabaspis aspera, sp. nov. (Text-fig. 57 A—F.) 


Description: Female: Shape oval. Lightly chitinized. Length of idiosoma 
455 w, width 286 4. Dorsal shield as figured with uniformly short fine setae except 
the two verticals which are short and spine-like. Ventral: tritosternum with short . 
base and only indistinctly ciliated lacinia ; sternal shield longer than wide, with 
the posterior margin reaching midline of coxae IV and medially lightly concave 
with three pairs of short setae and two pairs of pores ; metasternal setae only present 
genital shield drop-like, only about half as long as wide, with fimbriated anterior 
and one pair of setae ; anal shield triangular with short adanal and postanal setae ; 
no metapodal shields ; on cuticle posterior of coxae IV six pairs of setae ; endopodal 
shields distinct. Peritremal shields only extending slightly beyond stigma pos- 
teriorly. Legs fairly and equally slender, with IT somewhat stouter ; I 286 w long 
IT 286 w, IIT 260 u, IV 325 u, unarmed, except that coxae of leg I ventrally with a 
pair of indistinct rounded asperities. Chelicerae short and stout, fixed finger with 
two strong teeth. Tectum trident-like apically as figured. 


Male > Similar to female. Length of idiosoma 390 H, width 286. Genital 
opening situated in front of sternal shield and halfway between anterior sternal 
margin and base of tritosternum. Sterno-genital shield ending just past midline 
of coxae IV, with four pairs of setae, the pair of setae corresponding to the genital 
pair in the female are on the cuticle just behind end of sterno-genital shield. The 
chelicerae i as in the female but the movable finger has a short, wide and clavate 
spermatophore carrier as figured. Legs I 286 » long, II 260 u. TIT 2 7 
II and all coxae unarmed. is es 6 a 

Locality and Host: Holotype female and allotype male from a small scarab on 


low growing flowers, near Dorrigo, New 
ow g g Ss, nea go, New South Wales, 9 Januar 1952 
Mackerras). o ieee 
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| Text-ric, 57 A-F.—Scarabaspis aspera, gen. et sp. nov. 


A-B, D-E, 2: A, ventral view ; B, dorsum; D, chelicerae ; B, tectum; C & F, 6d; C, ventral 
view; F, chelicerae. 


Genus Launcuia Oudemans. 


See A. ., 1932, Tijds. Ent. Suppl., 204. (Type Ljunghia selenocosmiae Oudemans, 
Liunghia pulleini, sp. nov. (Text-fig. 58 A-H.) 

Description: Female: Shape oval. Comparatively lightly chitinized and 
yellowish in colour. Length of idiosoma to 700 p, width to 470. Dorsal shield 
not entirely covering dorsum, as figured, undivided, widest on level of coxae II 
then tapering to a broadly rounded end; with 14 pairs of setae most of which are 
long and slender, the four verticals and inner pair of subposterior row to 70 p, the 
others from 130 » to 230p long ; cuticle outside of shield with longitudinal striations 
and long marginal and submarginal setae. Venter : tritosternum normal; no 
pre-endopodal shields; sternal shield wider than long, with three pairs of setae 
and two pairs of pores, with concave posterior margin ; metasternal shields only 
represented by pore, setae absent ; genital shield small, flask-shaped, with one pair 
of setae ; anal shield pear-shaped with the three setae situated posterior of anus 
and all equally long; a pair of small round metapodal shields posterior of coxae 
IV ; between genital and anal shield four rows of 2.4.4. and 2 setae and lateral 
thereof two more setae. Legs fairly long, unarmed, tarsi with short thick caruncles. 

ads and indistinct lightly chitinized paired claws ; leg T 585 p long, If 585 p, iit 
600 », IV 630. Peritreme long and slender, with stigma on level of coxae IV. 
Chelicerae as figured, fixed finger short and simple with basal seta, movable finger 
longer and stout with three blunt teeth. Labial cornicles stout and blunt as figured. 
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| 


Male: As in female. Length of idiosoma to 650, width to 420 py. Dorsal 
shield as in female. Venter: sternal and genital shields coalesced, tapering from| 
coxae ITI to apex, with four pairs of setae, the third and fourth pairs long an 
slender ; anal shield as figured. Legs: I 530 long, II 530, III 580 y, IV 600 p,, 
all unarmed. Chelicerae as figured, fixed finger as long as movable, with a blunt: 
medial tooth ; movable finger thick and blunt with a longer, thick but apically: 
bent and narrower spermatophore carrier. 


a 
——— = 


Vai 
3 


Trext-rie, 58 A~H.—Ljunghia pulleint, sp. ne 


A-D, @. A, ventral view; B, dorsum ; C, labial cornicles ; D, chelicerae; E-H, g; E. anal 
shield; F, ventral view; G, dorsum; H, chelicerac, eet 


Locality : Numerous specimens from Selenocosmia stirlingi Hogg. from Orroroo 
2 


South Australia, May 1933 (coll. H. Gray). Holot 
( ; | «ee. : i e fi le, 
paratypes in the collection of the South sashes uc paemicera 


Remarks: This species is named in honour of the | 


eminent South Australian Arachnologist. tee swe 
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From Oudemans’ selenocosmiae, the above new species differs in the absence of 
metasternal shields and in the structure of the labial cornicles in the female sex. 


Family MACRONYSSIDAE Oudemans. 


Oudemans, A. C., 1936. Krit. Hist. Over. Acarol. 3 (A), 4380. 
Syn. Liponyssinae Ewing, 1923 ; Liponyssidae Vitzthum, 1931 ; Dermanyssidae Burmesier, 
1856 (in part). 
Genus Hirstionyssus Fonseca. 


Fonseca, F. d., 1948, Proc. Zool. Soc. Lond. 118 (2), 294. (Type Dermanyssus arcuatus Koch, 
1839.) 
(Text-fig. 59 A-H.) 


Hirstionyssus arcuatus (Koch.) 
For a full synonymy see Fonesca, 1948, Proc. Zool. Soc. Lond. 118 (2), 294. 
A number of specimens, four females, three males and one nymph of what are 
considered to be this well-known European species were received from Glenfield 


Veterinary Institute, Queensland, taken from a mouse, 1950. 


. Xe 


Trexr-Fric, 59 A~H.—Hirstionyssus arcuatus (iKoch.). 
G, sternal shield ; D-H, 3; D, ventral view ; E, dorsum ; 


A-C, 2: A, ventral view; B, dorsum; C, g | 
as f, cholicerae; G, leg I; H, leg IV. 
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The dorsal shield of the female differs slightly in outline and proportion of! 
dorsum occupied, from that shown by Oudemans, 1941 (Arch. Natg. 79, (A), 69)\ 
but this is probably because the specimen figured is gravid as compared with) 
Oudemans’. Similarly also the genito-ventral shield is not proportionately as wide » 
behind coxae IV as shown by Oudemans. Despite these differences, however, 
I feel confident that the specimens are undoubtedly Koch’s species. Of the species 
of Hirstionyssus known, only arcuatus Koch, and isabellinus Ouds. possess large and 
conspicuous metasternal shields in the female. In isabellinus, the dorsal shield in 
the female covers almost the whole of the dorsum, and its setae are longer than in 
arcuatus and of equal length to the other dorsal setae. Another species, closely | 
related to arcuatus is butantanensis (Fonseca, 1932) also recorded from a white 
mouse from Brazil, but in this the metasternal shields are wanting. 


Genus NEotrponyssus Ewing. 


Ewing, H. E., 1929, Manual of External Parasites, 187. (Type Liponyssus gordonensis Hirst., 
1923.) 


Neoliponyssus arnhemlandensis, sp. nov. (Text-fig. 60 A-F.) 


Description: Female: Shape as figured, widest between coxae IL and III, then 
sides slightly converging to the broadly rounded posterior end. Length of idiosoma 


TExt-FiG. 60 A-F.—Neoliponyssus arnhemlandensis, sp. nov. 


A-C, 2: A, ventral view ; B, dorsum ; ©, sternal shield ; D-F, 


: ; 3; D, ventral view ; E. dorsum 
in outline ; F, chelicerae. ee 
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780 p, width 430. Dorsal shield as figured, entire, tapering from one-third and 
ending beyond coxae IV, at same level as the genito-ventral shield, lightly reticulated 
and furnished with 18 setae, all of which except the extreme anterior pair are short, 
to 18 p long. Dorsal surface outside shield with fine pointed setae, from 25 long 
near shield to 56 p long laterally, with one or more posterior pairs 70 p long. Venter : 
sternal shield as figured, with only two pairs of setae, 28 » long, trapezoidal, between 
anterior setae 31, between second pair of setae 83, and between the third off- 
sternal pair 130 u, between anterior and second setae diagonally 42 » ; genito-ventral 
shield tapering posteriorly as figured, 280 long ; anal shield 112 long by 70 
wide, with the adanal pair of setae in line of anus; venter otherwise with ca. 34 
setae 28 » long medially to 56 p long laterally. Legs, without any specialized setae 
or spurs ; I 442 long, I 430 p, III 480 p, IV 494 p, I scarcely thicker than others ; 
tarsi with paired claws and short caruncle. Peritreme short, only reaching coxae IIL 
anteriorly. ; 

Male: Shape more oval than in female. Length 480 p, width 312, widest 
about in line of anterior margin of coxae III. Dorsal shield as figured, reaching to 
about two-thirds length of dorsum. Venter : sterni-genital shield entire, with only 
the two anterior pairs of setae, ending posteriorly about on level of posterior margin 
of coxae TIl. Ventral and dorsal setae much as in female. Peritreme short, as 
figured, anterior arm apparently short and not extending onto dorsum, 56 w long. 
Chelicerae as figured, fixed finger short, hyaline ; movable finger with thick 
spermatophore carrier, of about the same length. 

Locality and Hosts: The holotype female and 13 paratype females, and the 
allotype male and five paratype males from a scink, Leiolopisma fusca D. & B. 
collected in Arnhem Land by the Arnhem Land Expedition, 1948 (sponsored by 
the American National Geographic Society, the Smithsonian Institute and the 
Commonwealth of Australia) in the collection of the South Australian Museum. 


Genus FonsEecaonyssus Radford. 


Radford, CG. D., 1950, Parasit., 4, 372 (=Leiognathus Canest., 1885 preoc. Lacepede, 1802 in 
Pisces). (Type Dermanyssus sylviarum Canest. & Fanzago, 1887.) 


Fonsecaonyssus sylviarum (Canest. & Fanzago). (Text-fig. 61 AC.) 


Dermanyssus sylviarum Canest. & Fanzago, 1887, Acari ital., 124. 

Liponyssus sylviarum (Canest. & Fanzago, 1877), idem; et auct. 

Macronyssus sylviarum (Canest. & Fanzago, 1877), idem. 

Lophotes patavinus Megnin, 1891, C. R. Biol., Paris 9, 759. 

Leiognathus sylviarum Canest., 1885. Prosp. dell‘'Acarofauna Italiana; Fonseca, 1948, 
Proc. Zool. Soc. Lond. 118 (2), 804; et auct. 

This is the first record of this species from Australia. It was previously (Hirst 
Proc. Zool. Soc. Lond. 1923, p. 975) known from England and America as a pest of 

pigeons and hens. Hirst states that the mites occur round the vents of the birds 

and multiply very rapidly. They form colonies but do not leave the birds during 

the day as does the common red mite of fowls (Dermanyssus gallinae Redi). The 

tail feathers, especially the fluffy basal portions become covered with mites. Later 

on the skin becomes raw and a hard scab forms. 


In the United States it is considered an injurious species, and egg production is 
much reduced. 

Several specimens of this potential pest were received from the workshop at 
Parafield Aerodrome, South Australia, November 1951, where it is understood 
that they were found on the bench where plane parts were being examined. How 
they got there is uncertain. They may have come from local pigeons or other birds 
nesting in the roofs, or possibly have been introduced by plane. __ 

For the information of Australian workers, drawings of the mite are given Mm 


this paper. 
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TEext-rie. 61 A~C.—Fonsecaonyssus sylviarum (Canest & Fanzago), 9. 
A, ventral view; B, dorsum; C, sternal shield. 


The specimen figured measured : length 585, width 312; leg I 416 w long, 
IT 390 », IIT 390 w, IV 4944; the setae on the sternum 30 #; dorsal setae to 70 p. 


Other specimens have been received more recently from a house infested with 
starlings, Adelaide, December 1953. 


Genus CHIROPronyssus Augustson, 1945. 


Augustson, G. F., 1945, Bull. Soc. Calif. Acad. Sci., 44, 46. ( 
Ewing, 1925.) 
Liponyssus Kolenati, 1858 (in part). 


This genus was erected by Augustson, 1945 (Bull. Soc. Calif. Acad. Sci., 44, 46) 
for the species C. texensis Augustson, 1945, from bats, a species which Fonseca in 


his monographic study of the Macronyssidae (Proc. Zool. Soc. Lond., 118, (2), 249-334, 


1948) synonymizes with Liponyssus robustipes Ewing, 1925 from Brazil and also 


from bats. Thus robustipes becomes the genotype of Chiroptonyssus. A third 
species, Liponyssus nyctinomius Radford, 1938 (Parasit., 30, 431), also described 
from bats, from Jamaica, is also placed by Fonseca in the synonymy of robustipes. 

To date then the genus is monotypic and Fonseca in his work (loc. cit.) on p. 265 
diagnoses it as follows : 

* Dorsal shield entire ; posterior pair of sternal setae arising from two isolated 
platelets ; genital plate with only a pair of setae and a pointed end ; coxae devoid 
of ventral spines ; tibia I in the male as long as in the female ; holoventral shield 
of male divided into a sterni-metasterni-genital and ventri-anal plate ”’. 


Type Liponyssus robustipes 
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Fonseca recognizes four genera all of which have the posterior sternal setae situated 
off the shield in the female and with the dorsal shield undivided. 
On p. 271 (loc. cit.) he separates these for both males and females thus :— 


cooK 


5. Holoventral shield of the male divided .........-..-- 6 
Holoventral shield of the male undivided ..........-- Ih 
6. Holoventral shield divided into a sterni-metasterni- 
genital and ventri-anal plate ......--..+-++++++55 Chiroptonyssus Augustson, 1945 
Holoventral shield divided into a sterni-metasterni- 
genital and an anal plate ......--- sees reese eres Neoliponyssus Ewing, 1929 
7a Coxace D with a spine) (fo ec nc. see eee eee mene ne Neoichoronyssus Fonseca, 1941 
Coxae I devoid of spines .....---+s sees sete ee eeeees Leiognathus Can. & Fanz. 1885” 


On p. 273 in a separate key to the generic determination of the females only he 
gives : 
to} ¢ 


‘© 5, Coxae I with a posterior spine ......+++++eeee ee eeee Neoichoronyssus Fonseca, 1941 
Coxae devoid of other spines besides the dorsal one of 
Gore JUL Sa ok ak Je oo oe coe Mion cle beer gunpsntoon 
6. Posterior pair of sternal setae arising from two platelets ... Chiroptonyssus Augustson,1945 
Posterior pair of sternal setae imbedded in the integument 7 
7. Parasitic On birds .<s-.c..es- sc sees eee crete Leiognathus Can. & Fanz. 1885 
Parasitic omllizards, os cis eee + cic eicie ole coo euch clear rele = Neoliponyssus Ewing, 1929 ” 


The following new species because of its general similarity to Chiroptonyssus 
robustipes, and its occurrence on bats is placed herewith in Augustson’s genus although 
in some respects it does not entirely agree with Fonseca’s criteria. 

In the posterior sternal setae not being on shieldlets in the female, and the male 
holoventral shield being undivided, it runs down according to Fonseca’s key to 
Leiognathus Can. & Fanz. (=Fonsecaonyssus Radford, 1950, Leiognathus being 
preoccupied by Lacepede, 1802, in the fishes). Fonsecaonyssus (Levognathus), 
however, is only represented by a single species sylviarum Can. & Fanz.., found on birds. 

It has an entirely different shaped sternal shield, but coxae II possesses the 
dorsal spur found in Chiroptonyssus robustipes. Also the posterior margin is not 
thickened as in Chiroptonyssus. 

From the genotype of Chiroptonyssus the new species differs in other points, 
probably only of a specific value. Most important is the sexual dimorphism shown 
by the male in that the dorsum and the venter laterally are furnished with long 
to very long setae as compared with the female. Also the strong spur-like spine 
on the femur of leg IV in the male of robustipes is not present. 


Chiroptonyssus australicus, Sp. Nov. (Text-fig. 62 A-G.) 

Description: Female: Length of the type (gravid) 624 p, width behind coxae IV 
480 p, shape as figured ; length of nongravid specimen 520 2, width 429», shape 
oval ; widest on level of coxae IV. Dorsal shield as figured, entire, lightly reticulate, 
covered with simple spine-like setae to 36 » long, as is the rest of the dorsum. Venter : 
sternal shield as in C. robustipes (Ewing), with posterior margin concave and strongly 
thickened, with only two pairs of setae, the posterior (third) pair off the shield but 
not on shieldlets ; distance between anterior setae 53, between second pair 81 p, 
between the off-sternal pair 126», and between the anterior and second pair Slius 
thickness (length) of sternum over all 47°6 uw, in middle 39-2; anterior setae 45 
long, second pair 48 p, off-sternal pair 56; genital shield 154 pu long by 90 » wide, 
with one pair of setae and pointed posterior end ; anal shield pear-shaped ; 70 pw 
long by 56 » wide, with the adanal pair of setae in line of anus ; with one metapodal 
shield on each side; setae on rest of venter 36 long as on dorsum. Legs fairly 
short, II only slightly thicker than others and with a dorsal anterior coxal spur ; 
leg I 416 long, II 390 p, UI 364p, IV 442%, no specialized incrassations except 
the spur on coxae II. Chelicerae as figured. 


Male: Smaller than female. Shape oval. Length 520, width 312 p. Dorsal 


shield as figured, entire, furnished with long tapering setae, to 56 » long, reticulations 
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if present indeterminate, setae on lateral portion of dorsum long and ape Hares” 
to 126 in length. Venter: all sternal metasternal genital and anal shie : : pe ; 
without any trace of subdivision posterior of genital, furnished with short 36 4 cae 
setae ; similar setae on rest of venter except marginally where the setae are on 
to 126, and flexible; leg II thicker than rest but without specializations other 


i 
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TEXT-FIG, 62 A— +.—Chiroptonyssus australicus, sp. nov. 


A-D, °: A, ventral view ; B, dorsum ; C, sternal shield ; D, chelicerae ; E-G, 3; E, ventral 
view ; F, dorsum ; G, chelicerae. 


than the spur on coxae II: [ 390 long, IT 338 u, IIT 364 [, 
seta on femur IV. Chelicerae as figured, movable finger s 
hook-like and furnished with a similarly shaped but longer and equally strongly 
chitinized spermatophore carrier ; fixed finger hyaline, short and indefinite. 
Locality and Host: The holotype and 12 paratype females, and the allotype and 


two paratype males, and two nymphs, from bats in Warbla Cave, Nullabor Plains, 
South Australia, January 1952 (J. M. Thomson and party) 


IV 416; no spur-like 
trongly chitinized and 


. 
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Genus OpHtonyssus Megnin. 
Megnin, P., 1884, Bull. Soc, Zool. France, 9,107. (Type Dermanyssus natricis Gervais, 1884.) 


Ophionyssus natricis (Gervais). 
Gamasus natricis (Gervais), F884. 
Liponyssus natricis (Gervais, 1884), non Berlese, 1918. 
Macronyssus natricis (Gervais, 1844). 
Ichoronyssus serpentium Hirst, 1915. 
Ophionyssus serpentium (Hirst, 1915). 
Serpenticola serpentium (Hirst, 1915). 
Liponyssus arabicus Hirst, 1921 pro parte. 
Serpenticola easti Ewing, 1925. 


This species is commonly found on snakes in various parts of the world, frequently 
on those in captivity in Zoological Gardens. It has been recorded naturally as 
occurring on snakes in Europe (France and Italy), America, Algeria, etc. but has 
not hitherto been recorded from Australia. 

In the South Australian Museum are specimens from around the eyes of a 
juvenile python Morelia spilotes variegata from Malanda, Queensland, received 


from H. Fiecker, and from Demansis textilis from Sydney, New South Wales (coll. 
Wm. Hasmer). 
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A NEW ASCIDICOLOUS COPEPOD: Lichomolgus didemni, sp. nov. By R. V. | 
Gorto, Department of Zoology, Queen’s University, Belfast. (Communicated | 
by Dr. Eric Asupy, F.LS.) ) 


[Read 6 May 1954.] 


(With 9 text-figures.) 


The genus Lichomolgus was erected by Thorell in 1860 and has retained its validity 
despite the fact that the name Doridicola, proposed by Leydig some seven years 
earlier, enjoys an undoubted priority. As Monod & Dollfus (1932) have pointed 
out, the retention of Thorell’s generic name is, however, justified, since the association 

' with nudibranchs implicit in Leydig’s term is applicable to but a few of the many 
described species. As at present constituted, the genus Lichomolgus comprises a 
large but natural assemblage of poecilostomatous cyclopoids, though their exact 
classification is a matter of some difficulty. This is, in part, due to the intergrading 
of taxonomic characters between this genus and the closely allied genera Macrochiron 
Brady and Pseudanthessius Claus. Thus Monod & Dollfus (1932) relegate Macrochiron 
to subgeneric status in the genus Lichomolgus, while Sewell (1949), following the 
example of Sars (1918), retains it as a genus, though erecting two subgenera, Macro- 
chiron and Paramacrochiron. In this way many species have, since their discovery, 
been fated to shuttle uneasily between the various taxonomic niches offered by 
different systematists. 

The species described here, for which the name Lichomolgus didemni is proposed, 
is, however, relatively unambiguous, in that it is referable to Lichomolgus sensu 
stricto. It was discovered in Strangford Lough, Co. Down, where it inhabits the 
compound ascidian Didemnum maculosum (Milne Edwards). 


Lichomolgus didemni, sp. nov. 


Description of female (fig. 1). Length, from anterior end to furcal rami inclusive, 
1-4mm.to1:54mm._ To this the furcal setae add about 0:20 mm. Greatest breadth 
(across the first leg-bearing thoracic segment) 0:77 mm. Colour semi-transparent, 
with occasional touches of light brown; ovarial tubes pale violet, though with a 
suggestion of pink ; eye red. In shape, the cephalothorax is markedly inflated, and 
has a slightly developed transverse suture dorsally. A small rostrum is present. 
The urosome is moderately long, with the swollen genital segment bearing two very 
small setae laterally. Anal segment, furcal rami and longest furcal seta (fig. 2) 
with approximate respective proportions of 1:1:2. Antennule (fig. 3) of seven 
segments, the second being the longest, and moderately setose throughout. Antenna 
(fig. 4) of four joints, the large second segment having a minutely spinous inner 
border (as has the fourth) and the small third bearing three setae as well as a curved 
claw. The distal segment carries four curved claws at its tip as well as a long 
jointed seta and two smaller plain setae. Maxillule, maxilla and maxilliped (figs. 5 
6, 7) typically lichomolgid and lacking noteworthy specific characters, although the 
palp of the maxillule is perhaps somewhat larger than that found in allied species 
First to third pairs of thoracic limbs well developed, with ex- and endopodites three- 
jointed and of about equal size. They bear the usual extensive armature of spines 
and ciliated setae, though the distal joint of the endopodite of the third limb carries 
only two spines instead of the three found in other members of the genus. Fourth 
pair of legs (fig. 8) with thé endopodite two-jointed. Fifth pair very small, with 
ae a single free joint (fig. 9). The full setal formula of the first to fourth limbs is a 
ollows ; ; 
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Fias. 1-9.—Lichomolqus didemni, sp. nov. 


1. Ovigerous female. 2, Anal segment and furcal rami. 3, Antennule. 4, Antenna. 95, Maxil- 


lule. 


P4 


JOURN. 


6, Maxilla. 7, Distal joints of maxilliped. 8, Fourth leg. 9, Fifth leg. 
Endopod Exopod 
A A —- 
1 2 3 1 2 3 
ae . as 4G ee Mc Ste =) 
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* The longer of these spines is terminal rather than external in position. 
LINN. S0C.—ZOOLOGY, VOL. XLU. 41 
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The egg-sacs are elongate-oval, and of considerable size—0-84 mm. in length. They | 


are pale violet in colour. 
The male has not yet been found. 


Bionomics. So far only six female specimens of this copepod have been obtained, | 


all from colonies of Didemnum maculosum. A great many colonies of T'rididemnum 


tenerum (Verrill) have been examined, but no specimens of L. didemni have been | 


discovered, although it is exclusively in this ascidian that the allied Lichomolgides 
cuanensis (Gotto, 1954 b) is found. Ovigerous females have been noted in February 
and October and non-ovigerous in November. In one specimen with egg-sacs, 


nine spent spermatophores still adhered to the genital segment. Not more than | 


two individuals have been found in the same host colony. 

Within Didemnum the copepod in all probability inhabits the cloacal cavities. 
It is difficult to be certain of its exact location, since the necessary dissection of 
the host may displace it. In the cloacal chambers, however, it would be bathed by 
the ascidian’s exhalant current, as is the case with Lichomolgides. 

Although capable of active swimming movements, L. didemni is a somewhat 
sluggish species. It is the twelfth ascidicolous copepod to be recorded recently 
from Strangford Lough (Gotto, 1952), and the second representative of its genus to 
be found there (Gotto, 1954 a). 

Affinities and specific dizgnosis. The marked inflation of the thoracic region in 
L. didemni resembles the condition found in Lichomolgus rotundatus Sewell, a small 
species discovered in weed-washings at Addu atoll in the Indian Ocean. As regards 
the cephalic appendages, these are closely similar to those of the various species 
described by Sars (1918) from the Norwegian coast. The reduced number of spines 
on the endopod of the third thoracic limb is a unique feature, the total of two being 
one less than that given by Sewell (1949) in the setal formula showing the greatest 
reduction then known within the genus and applying to four species (L. albens, L. 
forficula, L. marginatus and L. furcillatus). L. didemni, however, agrees with this 
latter group (all ascidicolous forms) in possessing only two marginal spines on the 
terminal segment of the exopod of P. 3). It is again unique in being the only species 
of Lichomolgus so far reported from the interior of a compound ascidian—L. poucheti 
Canu having been described as occurring on the surface only of Morchellium argus 
(Milne Edwards) and Fragarium areolatum Giard. (Canu, 1892). 

The species may be diagnosed as follows: The thoracic region very rotund, and 
of a predominantly violet colour in mature females. Antenna with three setae 
and a curved claw on the third segment. Distal joint of endopodite of third leg 
bearing two setae and only two spines. Lengths of anal segment, furcal rami and 
furcal setae with respective proportions of 1: 1: 2. Egg-sacs very large. 

Syntypes have been sent to the British Museum of Natural History. 

Research facilities provided by Professor R. A. R. Gresson are gratefully acknow- 
ledged. Thanks are due also to Dr. R. H. Millar for assistance in the identification 
of the host ascidian, and to Gwyneth Gotto, B.Sc., for help in the collection of material. 
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SOME LOCOMOTORY ADAPTATIONS IN MAMMALS. By J. Maynarp SmIitH, 
Department of Zoology, University College, London and R. J. G. SavacE, 
Department of Geology, The University, Bristol. 


(With 14 text-figures.) 
[Read 20 January 1955.] 


INTRODUCTION. 


Many post-cranial skeletal characters can be analysed as adaptations to different 
methods of locomotion. Galen was probably the first to investigate along these 
lines, but it was not until the seventeenth century that Wm. Croone in England and 
J. A. Borelli in Naples made the first extensive studies in the mechanics of locomotion. 
Many contributions followed these, but with the acceptance of organic evolution 
during the nineteenth century, functional anatomy acquired a new stimulus. 
Gregory (1912) described the differences between cursorial and graviportal mammals, 
while more recently Slijper (1946) discussed the comparative anatomy of the 
mammalian vertebral column and Howell (1944) collected much interesting inform- 
ation both on anatomy and on the gaits of mammals. 

In the present paper it is suggested that much of the variation of mammalian 
skeletons can be explained by two mechanical considerations. The first concerns 
the mechanical advantage of the muscles (the term ‘mechanical advantage’ is 
defined in §2). It is shown that a muscle can be adapted either for a rapid and 
weak or for a slow and strong movement of the skeleton. The second consideration 
concerns the gait of mammals. The gait adopted by an animal is shown to depend 
both on its size and on the speed at which it is travelling. However, these factors 
alone are insufficient to explain the gaits of animals. An antelope, a kangaroo 
and an ostrich may be approximately the same size, and all travel fast on level 
ground, yet one gallops, one leaps and one runs. These differences depend on the 
structure and habits of their ancestors. Bipedal mammals, with the exception of 
man, normally proceed by a series of leaps, since they have evolved from galloping 
mammals in which the hind legs tended to move together. The gallop is a gait not 
found among reptiles, in which the hind legs move alternately. Accordingly 
bipedal reptiles usually run, as do all birds capable of rapid locomotion on the ground. 
The gait decides what modifications of the skeleton are of selective advantage. The 
mechanical problems which arise are dealt with in the appendix. ar 

Attention has been confined to running, jumping, digging and swimming 
“mammals. The choice of examples has largely been determined by the material 
available. The main arguments rest on living mammals, whose habits can be 
observed, but some fossil mammals are mentioned to illustrate how patterns of 
locomotion can be inferred from skeletal characters. 


THe PECTORAL GIRDLE AND Fore Limes. 


A striking contrast between two different types of mammalian fore limb can be 
obtained by comparing a cursorial and a fossorial mammal. In running, high speeds 
are achieved, and the limb and girdle must be adapted to move the foot as rapidly 
as possible relative to the body. In digging, resistance to motion is greater and. 
speeds are consequently lower: very rapid movement of the foot 1s impossible, 
and the limbs must be adapted to a powerful rather than to a rapid stroke. — 

Fig. 1 shows the fore limb and scapula of Hquus and Dasypus, respectively a 
cursorial and a fossorial form. The main muscles flexing the fore arm are the latissi- 
mus dorsi and the teres major, with, amongst others, the pectorales and deltoid 
assisting. Of these muscles the teres and deltoid originate from the scapula and 


insert into the humerus. Ke 


j 
} 
| 
| 
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The line of action of the m. teres major is shown in fig. 1. If P is the tension or? 
pull in this muscle and v its rate of contraction, we can calculate the backwards: 
thrust (7’) produced at the ground, and the velocity (V) imparted to the foot relative * 
to the shoulder girdle. In fact 7=PxI/h and V=vxh/l, where /=moment arm of} 
the muscle about the fulcrum (A), i.e. the perpendicular distance from the glenoid to } 
the line of action of the muscle, and h= perpendicular distance from the glenoid to} 
the ground. 

If the ratio //h is large, the movement will be powerful though slow. If the rao 
is small, it will be fast but weak. Gregory (1912) gave a correct, although unnecess- 
avily complicated account of this relationship. For the limbs shown in fig. 1, the 
values of I/h are approximately 1/13 for Hqwus, and 1/4 for Dasypus. The difference is 
of the kind which would be expected in}view of the habits of these animals. 


Fie. 1.—Left fore limbs of (a) Hquus and (b) Dasypus, to show line of action of m. teres major. 


The ratio l/h corresponds to the ‘mechanical advantage’ of a lever: that is, the 
ratio of the distance of the applied force from the fulcrum (/) to the distance of the — 
load from the fulcrum (h). A large value of J/h is only an advantage for strong but 
slow movements, whereas a small value of J/h is an advantage for fast movements. 

In Equus the scapula is high and narrow, the bone normally being held with the 
long axis nearly vertical. Consequently the teres major and other muscles from the 
scapula to the humerus are lengthened, but their moment arms are not increased 
Muscles contract by varying amounts, though generally by about 1/5 to 1/3 of the 
extended length. Increase in length of the teres major enables it to rotate the 
humerus through a wider are. In Hquus a contraction of 1/5 would rotate the 
humerus through 50°. This rotation is achieved with considerable rapidity because 
of the short moment arm. 

The scapula of Dasypus is held with the spine directed postero-dorsally at about 
45° to the horizontal. The spine carries an elongated acromion for the origin of the 
deltoid muscle. The infraspinous fossa is extensive, and the blade Sweeps down 
beyond a secondary spine to give a relatively large area for the origin of the teres 
major. The humerus is short and robust. The moment arm of the teres muscle is 
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Fic. 2.—Left scapula of (a) Martes, (b) Lutra, (c) Delphinus, (4) Potamotherium, (e) Zalophaus, 


(£) Phoca. 
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1a. 3.—Left scapula of (a) Myrmecophaga, (b) Phascolomys, (c) Talpa, (d) Dasypus; (e) Priodonies. 
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increased, though the relative length of the muscle is not greatly altered. A | 


contraction of the muscle by 1/5 of its length would rotate the humerus through an 
are of about 30°. 


This comparison is a help in understanding some of the variations in the form | 


of the scapula in other mammals now to be considered. 


The scapulae of some aquatic and fossorial mammals are shown in figs. 2 and 3; | 


they can be compared with the scopula of a relatively unspecialized carnivore, Martes, 
fig.2(a). The two types have many features in common, and it is sometimes difficult 
to distinguish clearly between them, since some species combine both habits. These 


scapulae are relatively short, and held more nearly horizontal than vertical. The | 


width is large compared to the height, and the shape tends to approach an asymmetri- 
cal crescent. The coracoid and vertebral borders tend to be confluent and the 
coraco-vertebral angle is usually indistinct or absent. 


a 
b 
Z 3 f d 
Fig. 4.—Left scapula of (a) Felis catus, (b) Lepus, (ec) Acinonyx, (d) Chrysocyon. 

The more rounded outline of the scapula results in an increased surface area for 
the mm. spinati, and frequently secondary spines develop either anterior or posterior 
to the main spine. Dasypus is exceptional in having both an anterior and a posterior 
secondary spine. The development of the main spine and its processes differs 
considerably in aquatic and fossorial forms. In aquatic mammals the spine is low, 
with very reduced processes. Cetacea have an acromion but no spine; the process 
probably ensures freer abduction of the flipper. Potamotherium, an Oligocene otter, 
has processes more reminiscent of a fossorial than an aquatic animal, though other- 
wise it shows highly aquatic characters. 

In fossorial types the spine is usually high and long, and carries an elongated 
acromion process, often extending a great distance beyond the glenoid. Talpa is an 
exception in having a long narrow scapula, low spine and small acromion ; moles 
confine much of their work in digging to the lower parts of the limb, and movements 
of the humerus are effected mainly by the mm. latissimus dorsi and pectorales, which 
do not originate on the scapula. 


The backward prolongation and ventral curvature of the blade in fossorial and 
aquatic mammals increases the mechanical advantage of the teres muscle, as shown 


SOME LOCOMOTORY ADAPTATIONS IN MAMMALS 607 


in detail for Dasypus. The mm. subscapularis and spinati act as stabilizers, retaining 
the humeral head in the glenoid and opposing the deltoid. The enormous fossorial 
acromion 1s understandable when it is remembered that digging is not normally a 
direct to-and-fro movement but a scooping action. The manus passes through an 
ellipse, enabling the arm to avoid the earth scooped out in the previous movement. 
Observation of an armadillo provided us with a beautiful example of this action. 
Thus the architecture of the shoulder in aquatic mammals is adapted to produce 
powerful flexion of the limb, and in fossorial mammals to produce in addition 
powerful abduction and adduction. 


/ b / c 
d i | f 
Fia. 5.—Left scapula of (a) Phenacodus, (b) Tragulus, (c) Dama, (Ad) Equus, 
(e) Bos, (f) Cervus. 


os 


Turning now to cursorial mammals, the scapulae of some carnivores and a hare 
are illustrated in fig. 4, and those of some ungulates in fig. 5. Phenacodus, an Eocene 
condylarth, was probably a close relative of the stock from which the ungulates 
evolved. 

These scapulae are elongate, with a narrow neck, a shallow suprascapular notch, 
- fairly straight coracoid and axillary borders, a blade which gradually widens to a 

maximum near the vertebral border, and well-defined coraco-vertebral and vertebro- 
axillary angles. These features are on the whole more pronounced in the ungulates 
and the hare than in the carnivores. The scapular spine in the carnivores is fully 
developed though not enlarged, and there are distinct spinal processes. In the 
ungulates the spine is low, often not extending to the vertebral border, the acromion 
weak and the metacromion absent. The hare has a slender spine and delicate 
metacromion. In all these scapulae the infraspinous fossa is larger in area than the 
supraspinous fossa, and in ungulates the difference becomes very considerable. 

Cursorial specializations of the scapula were discussed by Hopwood (1947) in the 
leopard (generalized arboreal), the cheetah (cursorial) and the lion (intermediate). 
He interpreted the form and the muscle scars of the cheetah scapula as modifications 
to freer movement in a sagittal plane. The angular shape of the scapula in cursorial 
mammals is a similar modification, depending on the function of the m. serratus 
ventralis. This muscle tends to be divided into two parts, which cooperate to raise 
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the thorax, but act as antagonists in the forward and backward movement of the 
limb. In both horse and cow the serratus is divided into cervical and thoracic parts, 
inserting medially at the anterior and posterior ends of the vertebral border of the 
scapula. In the horse “ The cervical part draws the base of the scapula [i.e. the verte- 
bral border] toward the neck, while the thoracic part has the opposite action ; these 
effects concur in the backward and forward swing of the leg respectively ’’ (Sisson, 
1917). In fact the mode of action of the two parts of the serratus muscle is rather 
more complex than this. 

Fig. 6 shows the positions of the scapula and humerus at the start and finish of a 
backward stroke of the leg (inferred from photographs in Muybridge, 1899, series 46). 
The approximate positions of the two parts of the serratus muscle are also shown. 
It will be seen that the cervical part assists the backward movement of the leg, while 
the thoracic part undergoes little change of length. Associated with this fact, the 
cervical part is thick and fleshy, whereas the thoracic part is covered on the super- 
ficial face by a thick tendinous layer. The subsequent recovery of the scapula during 
the forward stroke is effected by the cervical part of the m. trapezius. 


Fic. 6.—Left scapula and humerus of Equus at the start (full line) and finish (broken line) of a 
backward movement of the leg during the gallop, showing the lines of action of the cervical 
and thoracic parts of the m. serratus. 


_ _The serratus muscle in cursorial artiodactyls probably resembles that of the cow 
in having separate cervical and thoracic parts. Although the mode of action may 
not be identical with that in the horse, the division into two parts will enable the 
muscle to assist fore and aft movements of the limbs. 

In the dog, Bradley (1948, fig. 75) showed the thoracic part of the m. serratus 
passing forward to insert anteriorly into the scapula. However, we found in three 
mongrel terriers that, although there is a continuous area of insertion of the serratus 
the insertion of the four posterior digitations of the muscle is concentrated at the 
vertebro-axillary angle, and that of the anterior three to four digitations on the 
coraco-vertebral angle of the scapula. These two parts of the muscle make up 
together about half the total weight. It follows that in dogs there is some specializa- 
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tion of the serratus for assisting the fore and aft movement of the limbs, but it is less 
extreme than in the cursorial ungulates. 

Summarizing, in cursorial mammals the scapula tends to be high and narrow, 
enabling the muscles to produce a large angular movement of the humerus at high 
speed. The sharp angles at the ends of the vertebral border of the scapula are 
associated with the functional division of the serratus muscle into two parts which 
assist the fore and aft movement of the limbs. 

| In graviportal mammals (fig. 7) the scapula tends to be both high and broad, 
presumably in order to provide sufficient area for the attachment of the serratus 
and other shoulder muscles which must support the great weight of the animal. 
The blade is frequently expanded posteriorly, the vertebro-axillary angle being 
drawn postero-ventrally, thus increasing the mechanical advantage of the teres 
muscle. The spine is usually heavy and may have a posteriorly projecting flap in 

the mid region, overhanging the infraspinous fossa, as in Rhinoceros and Brontops. 
Alternatively the long heavy spine may terminate in a large acromion, as in 
Loxodonta and Uintatherium. These features are again seen though less pronounced 
in the ‘ semi-graviportals ’, for example T'apirus and T'eleoceras. 


ui 
ep 


Fie. 7.—Left scapula of (a) Tapirus, (b) Teleoceras, (c) Rhinoceros, (d) Brontops, (e) Uintatherium, 
(f) Loxodonta. 


An interesting contrast between the distal parts of the fore limbs of different 
animals can be obtained by measuring the mechanical advantage of the triceps 
~ muscle. * Table I gives the ratio of (i) the length of the olecranon from its tip to the 
middle of the sigmoid notch, divided by (ii) the length from the middle of the sigmoid 
notch to the tip of the fingers. A large value of this ratio enables the triceps to 
impart a slow but powerful movement to the hand. The ratio 1s approximately 
0-10 in Martes, and among cursorial carnivores drops to 0-08 in Chrysocyon (the 
maned ‘ wolf’). In cursorial ungulates it ranges up to 0-12 in Equus. The aquatic, 
fossorial and graviportal forms show increasingly large ratios, reaching 0-33 in Talpa. 
The low value in the elephant (0-12) is understandable if it is remembered that the 
elbow joint is only slightly flexed in this animal, and consequently little force 1s 


required to maintain an upright posture. 
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TABLE J.—MzEcHANICAL ADVANTAGE OF TRICEPS MUSCLE 


Length of olecranon process. 


namely 9 =—— = 
y Length of fore arm and manus. 


0-08 Lepus 

0-08  Chrysocyon 

0-09 Vulpes : F 1 ie 

O108 Feiss Cursorial carnivores and lagomorp : 


0-10 Martes 
0-10  Oryctolagus 


0-11 Tragulus 
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0-11 Megaloceros Cursorial ungulates 

0-12 Hquus 

0-12 Hlephas 

0-15 Lutra 

0-17 Potamotherium 

0-21 Orycteropus : : : . f e 
0-21  Phascolomys f Aquatic, fossorial and graviportal types 

0-26 Rhinoceros 


0-27 Dasypus 
0-33 Talpa 4 


THE Gait oF MamMats aNnp AssocraTeD MODIFICATIONS OF THE VERTEBRAL 
CoLUMN. 


Quadrupedal mammals may achieve high speed on land by means of the leaping 
gallop or the horse gallop (Slijper, 1946). These two types of gallop are illustrated 
in fig. 8. A gallop pace includes a phase in which all four legs are off the ground 
at the same time. In the leaping gallop (e.g. dog) this ‘ floating’ phase comprises 


a relatively long part of the gallop sequence. There are in fact two such phases of | 


approximately equal length in a single sequence: (i) the animal launches itself 
forwards with its fore legs and lands on its hind legs, and (ii) a second floating phase 


Fic. 8.—Sequence of phases in the gallop of a horse (a) and a greyhound (b) (After Muybridge, 
1899). , 


when the hind legs leave the ground before the fore legs touch it. In the horse gallop 
the single floating phase is relatively short, the front legs are the last to leave the 
ground and the animal lands on its hind legs. 

The leaping gallop is practised by some marsupials and insectivores, nearly all 
rodents and carnivores, and by suids and tragulids. The equids and larger ruminants 
practise the horse gallop ; some species of small deer and antelope show a gait inter- 
mediate between the two types. In general the leaping gallop is characteristic of 
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small mammals, and the horse gallop of larger ones. In addition to the gallop, 
almost all mammals adopt other gaits for moving at lower speeds. In the walk 
and slow trot, at least two legs are on the ground at any instant, and in the rapid 
trot there is a brief floating phase in which all four legs are off the ground at the 
same time. Very heavy mammals when travelling fast adopt the ambling gait in 
which there is no floating phase ; at least two of the legs being on the ground at 
any instant. The mechanical reasons for these gaits are discussed in the appendix, 
but the conclusions may be summarized here. 

An animal travelling on a level surface must do work in two different ways, 
namely to raise its centre of gravity each time it leaps, and to accelerate its legs 
with each to-and-fro movement. In gaits other than galloping, namely walk, 
amble and trot, there is little alteration in the height of the centre of gravity, and 
almost all the work done is devoted to accelerating the legs. Where the gait consists 
of aseries of long leaps (e.g. jerboa or kangaroo) most of the work is directed to raising 
the centre of gravity. Fig. 9 shows how the work done varies with the relative length 
of the floating phase of the gait. For an animal of given size travelling at a given 
speed there is an ‘ optimum ” gait which minimizes the total work done. This can 
be achieved by expending relatively more energy either on leaping when travelling 


Leaping Stepping 


Stepping Leaping 


z — | 
0 29 50 75 100 «60 25 50 75 100 60 25 50 75 100 


Ord.: work done. Abs.: floating phase as percentage of a stride. 
Fic, 9.—Curves showing the contributions of leaping and stepping to the total work done in 
running for 


A. A large animal at low speed. 
B. A large animal at high speed or a small animal at medium speed. 
CG. A small animal at high speed. 


fast, or on moving the legs to and fro when travelling slowly. This conclusion is 
confirmed by the typical mammalian gaits—walking, trotting and galloping. 
_ Further, it can be shown that in larger animals greater energy should be expended 
in moving the legs and less energy used in raising the centre of gravity. This 
explains the series of different gaits, namely the leaping gallop in small mammals, 
the horse gallop in large mammals, and the amble in very heavy mammals. From 
the photographs in Muybridge (1899) it is estimated that in a greyhound (leaping 
gallop) the floating phase occupies 40 to 50 per cent of a stride, and in a horse 
(horse gallop) this phase occupies 20 to 30 per cent of a stride. 

The structure of the vertebral column and the spinal musculature will depend on 
the type of gait adopted. There is no ‘ typical’ cursorial mammal; there are at 
least two different types. Thus when Gray (1944) wrote: “‘In the case of a typical 
cursorial mammal the propulsive drive is normally controlled by the muscles of 
the limb, whilst the axial musculature of the back cooperates by providing the body 
with adequate rigidity”, he was making a statement which is true of a horse, but 
untrue of a hare or greyhound. is 

‘An excellent account of the anatomy of the vertebral column is given by Shijper 
(1946). In mammals adopting the leaping gallop the backbone is very flexible, 
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especially for arching in a sagittal plane, and the axial musculature plays an impor- | 


tant part in leaping by extending the backbone from its flexure. In mammals 
adopting the horse gallop the backbone is relatively rigid, although the lumbo-sacral 
joint may show a certain degree of flexibility, and the axial musculature shows a 


marked reduction in the fleshy elements and a better development of the tendinous | 


ones ; it is therefore adapted for resisting tension rather than for active contractions. 


Tse Prtyvic GirRDLE AND Hinp Line. 


The modifications of the pelvic girdle in mammals may best be understood by 
considering first the girdle in a mammal (e.g. Martes, fig. 10) with no very specialized 
locomotory adaptations. 


Fic. 10.—Left pelvis and femur of Maries, showing lines of action of the extensor muscles of 
the thigh. 


A, acetabulum. Ad, m. adductor magnus. B, m. biceps. 6, moment arm of m. gluteus medius 
G, m. gracilis. Gl, m. gluteus medius. m, moment arm of m. biceps. Sm, m. semi- 
membranosus. St, m. semitendinosus. 


There are two main groups of muscle extending the femur, and their lines of 
action are shown in the figure. The gluteal group (gluteus medius and g. minimus) 
originates from much of the lateral surface of the ilium and inserts into the great 
trochanter of the femur. The second group forms the ischio-pubic complex, 
comprising mm. biceps femoris, semitendinosus, semimembranosus, gracilis and 
adductor magnus. These originate from the posterior borders of the ischium and 
pubis and insert into the distal end of the femur and the proximal half of the tibia. 
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Although both groups extend the femur, they have an important functional 
difference, which can be explained if the moment arms of the muscles about the 
acetabulum are considered. In Martes. the moment arms measured were : 


Gluteus medius 0-5 cm. approx. 
Biceps femoris 1-5 cm. approx. 


It follows that the gluteus medius is adapted for rapid movement, whereas muscles 
in the ischio-pubic complex produce powerful but relatively slower movement. 
These two muscle groups must cooperate in extending the femur, and it is probable 
that the ischio-pubic group is of greater importance at the beginning of the stroke, 
when movement is slow and the resistance to be overcome relatively great, whereas 
later, towards the end of the stroke, the gluteals predominate to provide greater speed. 

The contrast between these two groups of extensors is more clearly seen by 
comparing the pelvic girdles of mammals adapted to different methods of locomotion. 


c d 
Fre. 11.—Left pelvis of (a) Martes, (b) Lutra, (c) Potamotherium, (a) Phoca. 


The extreme aquatic example is Phoca (fig. 11d), in which the ilium is short and the 
ischio-pubis very long. The gluteal muscles are weakly developed, and the femur 
is extended by the muscles of the ischio-pubic group, which have long moment arms, 
thus giving more power at the expense of speed. The seal employs lateral move- 
ments of the vertebral column in swimming, and sagittal movements only when on 
land. Associated with these lateral movements the iliac wing is deflected outwards 
to give attachment to the well-developed ilio-costalis muscles. The sacro-pelvic 
angle is small (25°). This is the angle formed by the ventral surface of the sacrum 
and a line from the sacro-iliac articulation to the anterior tip of the pubic symphysis. 
The sacral articulation is rigid and, because of the small angle, the ischium is elevated. 
to the level of the backbone, thus lengthening the ischio-pubic muscles, which, 
because of the permanent backward poise of the leg, would otherwise be very short. 
The morphology of the pelvic girdles of Lutra and Potamothervum is intermediate 
between those of Martes and Phoca ; the four form a series illustrating the increase 
of adaptation for power in aquatic locomotion. 

The relative lengths of femur, tibia, and pes in four aquatic mammals are 
siven in Table II. In Enhydra and Phoca the great elongation of the pes relative 
to the other segments provides strong skeletal support for a broad paddle-like flipper. 

The girdle structure of Equus (fig. 12) is very different from that of Phoca. The 
ilium is large and expanded medially, while the ischio-pubis 1s very short. In 
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consequence the gluteal muscles are greatly elongated and the moment arm of the 
ischio-pubic muscles much reduced. Hence speed and not strength is emphasized 
in thigh extension. The sacro-pelvic angle is large (60°) and articulation is not 
rigid, so that the stride can be lengthened by rotations of the pelvic girdle at the 
sacral articulation. This movement is assisted during the backward stroke of the 


leg by the gluteus medius muscle, which has a tongue extending anteriorly on to | 


the lumbar vertebrae. 


Lumbar 
vertebrae aw 


Fig. 12.—Left pelvis and femur of Equus (abbreviations as in fig. 10). 


A series from the primitive Phenacodus, through the leaping-gallop type Tragulus 
to the climax with Cervus and Equus (fig. 13), shows the progressive changes in pro- 
portions of the pelvic girdle in cursorial forms. In contrast to the aquatic forms 
shown in fig. 11, the ilium is lengthened relative to the ischium and pubis. 

The limb proportions of mammals adopting the leaping and horse gallop are 
shown in Table IT. In the horse gallop the major part of the work is done in 
accelerating the legs. This work is proportional to the moment of inertia of the 
limb about the acetabulum. Therefore in ungulates adopting the horse gallop 
there is a marked tendency to concentrate the weight of the limb at the proximal 
end. The proximal bones are short and relatively stout, and the distal bones slender 
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and elongated. The muscles in the distal part of the limb are reduced and the 
distal elements are moved by long tendons from muscles in the proximal region. 
Since in the leaping gallop relatively little energy is needed to accelerate the legs, 
there is less need to lighten the distal part of the limb. This may help to explain 
the apparent paradox that although some carnivores can overtake the fast ungulates 
they do not show such extreme specialization of the limbs. 


=, 
DNs 


Fic. 13.—Left. pelvis of (a) Equus, (b) Cervus, (c) Phenacodus, (d) Tragulus, (e) Acinonyx, 
(f) Vulpes. 


TABLE I].—LeEnerTus oF FEMUR, TIBIA AND PES IN VARIOUS MAMMALS 


(given as percentages of total leg length). 


Gait Femur Tibia Pes 
Rhinoceros 38°5 28-5 33 
Graviportal Loxodonta 49 34 17 
Mastodon 53 30 17 
Phoca 16 35-5 48-5 
Aquatic Enhydra 21 27 52 
2 Potamotherium 24 32 44 
Lutra 30 33 Sl 
Megaloceros 30 29 4] 
Horse gallop Hquus (racehorse) 30 28-5 41-5 
Equus (pony) 29 30 4] 
¥ Strepsiceros 28-5 31:5 40 
Arboreal and leaping gallop  Martes Be 33-5 34-5 
Tragulus 29 35 36 
Acinonyx 35 x 2 a 
i Oryctolaqus 30° 32: 
eee eae d 30°5 35:5 34 
Chrysocyon 33 37 30 
Macropus 25:5 44 30-5 
Bipedal jumping Elephantulus 25 41-5 33°5 


Dipus 22-5 37 40-5 
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The limb proportions of three bipedal jumping mammals, Hlephantulus, Dipus 
and Macropus, are also given in Table Il. Jumping requires limbs which allow 
the maximum movement of the feet in a vertical direction relative to the centre of 
gravity (see appendix). This imposes two major differences in the limbs from 
those of mammals adopting the horse gallop. First the long pes can be flexed to 
form an acute angle with the tibia, so that when the leg is fully flexed the foot is 
close beneath the centre of gravity. Secondly, although in both types there is a 
relative elongation of both distal elements compared with the femur, the tibia in 
jumping mammals is relatively longer compared with the pes, and the gastrocnemius 
muscle is better developed. The moment arm of this muscle about the tibio- 
astragalar joint is small, while the foot is long, so that the muscle is adapted to give 
a rapid downward movement of the foot. 

Howell (1932) pointed out that in jumping mammals there is a progressive 
shortening of the iliae as opposed to the ischio-pubic region of the pelvis. This 
change is the opposite to that found in galloping mammals. Now it has been 
suggested above that the main function of the gluteus medius muscle in a more 
generalized mammal is to impart high speed extension of the limb at the end of the 
stroke. In jumping mammals this rapid final phase of the stroke will be produced 
in the main by the well-developed gastrocnemius muscles moving the elongated foot. 
‘Tf this be so, the main function of the muscles originating on the pelvis is to produce 
- a large acceleration at the commencement of the stroke, a role best performed by the 
ischio-pubic group with their relatively large moment arm. 

Gregory (1912) and Osborn (1929) discussed the modifications of the limbs and 
girdles in graviportal mammals: The ilium is broad, with a continuous rugose 
edge for the attachment of the oblique abdominal muscles. The legs form straight 
pillars with the articular facets in line with the main axis of the bone. There is a 
lengthening of the proximal as opposed to the distal elements of the limb (see Table 
II). These characters are an adaptation to supporting a great weight without 
imposing excessive bending stresses on the bones, or requiring the muscles to exert 
large tensions when standing. They are however the reverse of the adaptations 
described above both for galloping and jumping mammals. 

The cross-sectional areas of the bones of the hind limbs of various mammals are 
given in Table III. These areas were measured at the narrowest section of the 
bone, and have been calculated from the formula (7/4) a b, where a and 6 are the 
minimum width and breadth. Where more than one bone is involved (tibia and 
fibula, or several metatarsals) the area given is the sum of the separate bones. The 
length of the limb is the sum of the femur, tibia, and pes; it is therefore somewhat 
greater than the distance from the acetabulum to the ground. The ratio in the 
last column is a measure of the slenderness of the limb, namely 12/1004, where / is 
the length of the leg and A the cross-sectional area of the femur. 

This table brings out several points of interest. Firstly, the larger the mammal 
the stouter (relative to length) the limbs tend to be. This is to be expected from the 
fact that weight increases as /°. Secondly, the limb is tapered, the areas of the 
tibia and of the pes being usually less than that of the femur. The moment of 
inertia of the limb skeleton about the acetabulum can therefore be reduced without 
~ altering the total length of the limb if the relative length of the distal elements is 
increased. This taper is most marked in mammals with a single functional element 
in the metatarsus, i.e. cursorial ungulates. The relative lightening of the pes in 
these mammals is possible because of the greater structural efficiency of a single bone, 
which resists bending better than two bones of the same total cross-sectional area. 
Hence the importance of the cannon bone in reducing the moment of inertia of the 
leg in mammals adopting the horse gallop. 

A comparison between the two horses measured is of some interest. The relative 
lengths of femur, tibia, and pes are very similar in both. The larger race-horse has 
relatively stouter limbs, as is to be expected from its greater size. However, the 
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most marked difference lies in the greater taper of the limbs of the race-horse as} 
compared to the pony ; this is precisely what would be expected as an adaptation | 
to very high speed in a horse. . 

APPENDIX. 
THE MECHANICS OF MAMMALIAN GAITS. ) 


Mammals are remarkable among tetrapods for the variety of gaits which they | 
adopt. Different gaits can be regarded as methods of solving the mechanical | 
problems involved in overcoming the force of gravity in leaping, and in overcoming 
inertia in moving the limbs. In this appendix the way in which these problems | 
vary with the size of the animal and with the speed of movement is discussed. : 

The estimates given below of the work done in running are based on two assump- 
tions, which are almost but not quite true of all tetrapods. The first concerns the 
kinetic energy of the legs. In running the legs are moved alternately backwards and 
forwards. During, for example, the backward stroke the limb has kinetic energy 
relative to the animal’s body. It is assumed that all this energy is degraded into 
heat in the antagonistic muscles, and none is converted into potential energy available 
for the next forward stroke. The second assumption concerns gaits consisting of a 
series of leaps. When an animal lands after a leap it has a downward velocity, 
and hence an additional kinetic energy. It is assumed that this energy is degraded 
into heat in the muscles, and is not available for the next leap. j 

These two assumptions are not always true. We can sometimes compare a leg 
with a pendulum, which will continue to swing for a long time with no input of 
energy. Ina man walking, part of the kinetic energy of a leg as it moves backwards 
is converted into potential energy at the end of the movement, since the foot swings 
up off the ground. This potential energy can be reconverted to kinetic energy 
during the forward swing of the leg. Such a pendulum action only occurs when the | 
rate of stepping is of the same order as the natural period of oscillation of the leg. 
It is best to use the term ‘ walking ’ only for gaits in which this is the case. For a 
leg of length /, in geometrically similar animals, the period of oscillation will be 
proportional to 4//, and the length of stride to/. It follows that the speed of walking 
will be proportional to //, so that the walking speed will increase with the size of 
the animal. When walking an animal is moving with the minimum expenditure of 
energy, but the gait is possible only for fairly large animals and at low’ speeds. For 
small mammals, and at high speeds, the assumption made concerning the kinetic 
energy of the legs will be true. 

In a limited sense leaping can be compared to a weight bouncing on top of a 
spring, the compressed spring * storing ’ the energy to raise the weight again. This 
is the case when part of the shock is taken by elastic tendons. For example, a horse 
landing after a leap uses the energy stored in the elastic tendons of the foot for the 
next take-off (Camp & Smith, 1942; Simpson, 1951). 

Although both the pendulum action of the legs and the springiness of tendons 
are important in reducing the work done by mammals in certain types of gait they 
are omitted from the treatment given below. : ; 

It is reasonable to expect that an animal will adopt a gait which will minimize 
the total work done by its muscles at a given speed. When travelling on a level 
surface, the work done is devoted mainly to accelerating the legs at each step, and 
to raising the centre of gravity at each leap. The gait of amammal may be divided 
into two phases, namely a ‘ floating ’ phase during which all four legs are off the 
ground, and a ‘ stepping ’ phase during which at least one leg is on the ground. The 
main result of a change in gait is to alter the relative lengths of these two shases 
For two animals of different sizes adopting the same type of gait, the fenpehige the 
stepping phase is proportional to the length of the legs, 1. For a bipedal runnin 
animal (e.g. man and many birds) the length ofa single stepping phase is 2/ sin a/2 Rs 
approximately la, where « is the angle in radians through which the leg rotates 
In a galloping horse, each leg takes a step in turn, so that the total length of the 
stepping phase is approximately 4/a, ‘ 
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In fig. 14 the path of the centre of gravity of a running animal is shown. Taking 
the height as zero at the moment of take-off (B) and landing (A, C), the centre of 
gravity rises to a height 4 during the floating phase, and falls to —d during the 
stepping phase. 

If v is the forward speed, and b the length of the floating phrase, then h=6°g/80", 
where g is the acceleration of a body falling under the influence of gravity. This 
follows from the fact that the path of the centre of gravity of an animal while its 
feet are off the ground is an are of a parabola. 


. : fs fone nee | 


stepping phase floating phase 


' Fig. 14.—Path of centre of gravity of a running mammal, showing points of take-off (B) and 
landing (A, C). 


If a is the length of the stepping phase, then d=ah/b approx. (‘This assumes that 
that the upward acceleration during the stepping phase is uniform, which is not 
strictly true.) Ly 

If the total work done in a single stride be W=W;+ Wy, where W, is the work 
done in accelerating the legs, and W; the work done in raising the centre of gravity, 
and if w be the weight of the animal, then 

7 (a+b) bwg 
W; = (h+d) w = S32 
and W;=Const. x I w?, where =the moment of inertia of a limb about the 
acetabulum or glenoid, 


and w=—the maximum angular velocity of the limb. 


and if /= the length of a limb, w=v// during the backward stroke. Hence the work 
done in the backward acceleration of the legs during a stride is proportional to Jv?/l’. 
The work done in the forward acceleration of the leg is complicated by two factors. 
First, the angular velocity will be less, particularly if there is a long floating phase. 
‘Second, the moment of inertia J may be reduced by flexing the leg. Neither of 
~ these factors is easy to allow for, but as both tend to make the work done in the 
forward stroke less than that in the backward one, no great inaccuracy is involved 
in assuming that 


ye 
W,=Const. x Is : 
and. hence W= a + Const, < oe (1) 


If there are two floating phases instead of one in a single sequence, as in the 
leaping gallop of a dog (fig. 8), W; will be reduced, while W, remains unchanged. 
For example, if there are two equal floating phases, each of length $6, and two 
stepping phases of length 3 a, 

ey 1(a+b) bwg 
then W = 9 ; 


8 v2 


If P is the total work done in unit time, then 
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5s > v bwy Iv 
— x —_- } st. x 10.7 =e (2)) 
P fe arene 3p + Cons (ath) 
Considering a set of geometrically similar animals, of different sizes and travelling : 
at different speeds, but adopting the same type of gait (e.g. a gallop) :— 
acl, wolg andIlal 
and writing b/a—=j, a measure of the relative length of the floating to the stepping 
phase, equation (2) becomes 
joes Tele DS PAY 1 3 
P24 JtBP v ie? (3) | 
where A and B are constants. The value of j for which the work done will be a | 
minimum is given by 


| 


aP gl 1 
A =D. oy 5 
Te) v GP 
or 1+7—Const. x ee (4) 
gl 


[t follows that the work done will be minimized if j increases with forward speed, 
and decreases with size. 

This is in accord with the walking, trotting and galloping gaits adopted by the 
same animal at different speeds, and also with the gaits adopted by animals of 
different sizes at top speed, namely leaping gallop, horse gallop and amble. 

However, although equation (4) gives a picture of the relationship between gait, 
speed and size which is qualitatively correct, the relative length of the floating phase, 
j; does not in fact increase as rapidly with speed, v, as is suggested by the equation. . 
Although very long leaps may be an advantage at high speed in minimizing the work 
done, they may, because of other factors, be impossible. 

The distance an animal can leap when travelling at a given speed is dependent on 
the height to which it can raise its centre of gravity. If 7’ be the vertical force | 
exerted by the legs on the ground, and d the distance in a vertical direction through 
which the centre of gravity moves while the feet are on the ground, then the work 
done by the legs is 7’ « d, and if w is the weight of the animal, then 


w(iht+d)=Td (5) 
or, if h is much greater than d, then ] 


h= 2 xd approx., (6) 


and for a set of geometrically similar animals, where / is a representative dimension, 
dxland wl? Also, because of the limits set by the mechanical strength of bone 
and tendon, 7’ oc /?. It follows that (A + d) will not vary with size. For small 
animals, where h is much greater than d, the height to which an animal can leap 
will be independent of size. The length of a leap when travelling fast may decrease 
in small mammals, since deceleration due to air resistance is inversely proportional 
to linear dimensions. In large mammals the height and length of a leap will decrease 
with size. This limitation in the length of a single leap may mean that it is 
impossible for cursorial mammals to adopt the optimum gait suggested by 
equation (4). 

Hill (1950), by considering the physiological properties of muscles, and the rate 
at which oxygen can be supplied to them, concluded that the work which can be 
done by an animal in unit time is not proportional to its mass (/3) but more nearly 
to its surface area (/2). If there is no floating phase in the gait, equation (3) becomes 
Po /? v3. Hill used essentially this argument to show that the power required to 
travel at a given speed is also proportional to surface area, and hence explained the 
fact that animals of very different sizes can travel at approximately the same speed 
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on a level surface. He also concluded, using arguments similar to those given above, 
that the height to which an animal can leap is independent of size. In the present 
treatment however consideration is given to the way in which energy is divided 
between stepping and leaping. This is important in explaining the reasons for the 
different gaits in mammals, and the different ways in which the skeleton may be 
modified. 

The following conclusions concerning the gait of mammals and adaptations of 
their skeletons may be drawn. ; ie 

When travelling on a level surface, work must be done in raising the centre of 
gravity at each leap and in accelerating the legs at each step. The work done will 
be a minimum if the relative length of the floating phase of the gait decreases with 
the size of the animal, and increases with the speed at which it is travelling. 

The distance which an animal can leap when travelling at a given speed is roughly 
independent of size, but will decrease in very small mammals due to air resistance, 
and will also decrease in large mammals. This fact will prevent large cursorial 
mammals adopting the gait which would minimize the work done at high speeds. 

It follows that in large mammals adopting the horse gallop most of the work 
will be done in accelerating the legs. The most important adaptation will therefore 
be the reduction of the moment of inertia of the limbs about the acetabulum and 
the glenoid. The same conclusion holds for bipedal running animals. Apart from 
man, who is little specialized in this direction, there are no bipedal running mammals. 
However many birds (e.g. Struthio) adopt this gait, and show the expected lightening 
of the distal part of the limb. 

In bipedal jumping mammals most of the work will be done in raising the centre 
of gravity. There is therefore much less need to reduce the moment of inertia 
of the legs. The height to which an animal can leap is proportional to the distance 
in a vertical direction through which it can move its feet relative to the centre of 

gravity (equation 6). In, for example, a jerboa, which has very long tibia and 
metatarsus, the legs can be so folded that when at rest the centre of gravity is kept 
near the ground. When however the long limbs are straightened, the centre of 
gravity is elevated to a relatively great height. 

These principles for bipedal jumping mammals hold to a lesser degree for small 
mammals adopting the leaping gallop. In the latter the movement of the feet 
relative to the centre of gravity is increased by the alternate flexing and straightening 
of the backbone. 


ACKNOWLEDGEMENTS. 


Our thanks are due to the many colleagues with whom we have, discussed this 
paper. In particular we are grateful to Professor J. B. S. Haldane, F.R.S., who 
“has pointed out a number of implications of our work which might otherwise have 
escaped us. 


SUMMARY. 


The pectoral girdle and fore limb of Equus and Dasypus are compared. It is 
shown that the shoulder muscles of the horse have a small mechanical advantage 
(1/13 for the m. teres major) and are therefore adapted to produce rapid movements 
of the limb; these muscles in the armadillo have a larger mechanical advantage 
(1/4 for the m. teres) to produce slower movements, while exerting a greater force. 

The broad scapulae and short legs of fossorial mammals are adaptations producing 
powerful movements of the foot, usually with strong abductor action, Aquatic 
mammals show similar modifications, though without the emphasis on abductor 
movements. 

The high, narrow scapulae and long legs of cursorial mammals are explained as 
adaptations to speed, though the detailed arrangements by which this is achieved 
differ in cursorial ungulates and carnivores. The sharp angles at the ends of the 
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a 


vertebral border of the scapula in cursorial ungulates provide points of insertion 
for two parts of the m. serratus, which act as antagonists in the fore-and-aft movement | 
of the shoulder. Similarly in the dog, and probably all cursorial carnivores and | 
lagomorphs, the sharp vertebro-axillary angle affords a point of insertion for the | 
posterior digitations of the m. serratus. 

The mechanical adaptations of the olecranon process and the m. triceps are | 
described. 

The structure of the vertebral column and axial musculature is shown to depend. | 
upon gait. Two types of gallop, the horse gallop and leaping gallop (e.g. dog) 
are analysed and the association between gait and structure described. The 
mechanics of gaits are discussed in an appendix. 

The extensor muscles from the pelvis to the femur fall into two groups, an iliac 
group adapted to rapid extension of the thigh, and an ischio-pubic group adapted 
to slower but more powerful thigh extension. The relative proportions of the two 
regions of the pelvis vary according to the gaits adopted. In cursorial ungulates 
the ilium is long and the ischio-pubic region short, whereas in aquatic mammals 
the latter region predominates. 

‘The lengths and cross-sectional areas of the bones of the hind limb are shown 
to be correlated with gait in aquatic. cursorial (leaping gallop and horse gallop), 
saltatorial and graviportal mammals. 
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